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Question 1. What additional scientific and technical information should the State Water 
Board consider to inform potential changes to the Bay-Delta Plan relating to ecosystem 
changes and the low salinity zone that was not addressed in the 2009 Staff Report and the 
2010 Delta Flow Criteria Report? For large reports or documents, what pages or chapters 
should be considered? What is the level of scientific certainty or uncertainty regarding the 
foregoing information? What changes to the Bay-Delta Plan should the State Water Board 
consider based on the above information to address existing circumstances and changing 
circumstances such as climate change and BDCP? 

Response to Question 1: Additional Scientific Information & Recommended Changes to the 
Bay Delta WQCP 

In its 2010 final report on "Development of Flow Criteria for the Sacramento-San Joaquin Delta 
Ecosystem" (2010 Flow Criteria Report), the State Water Board found that "the best available 
science suggests that current flows are insufficient to protect public trust resources." The scientific 
literature and other sources of data that have become available since the 2010 report continue to 
overwhelmingly and conclusively support this finding. 

In addition, several recent studies reinforce the finding that large-scale changes in the Delta's 
low salinity zone (LSZ) and Delta outflows - changes that are known to be deleterious to 
numerous native aquatic species and other Public Trust values of the Delta ecosystem- are 
largely caused and controlled by human activities to divert, export, and store water that are 
subject to the Board's authority. 

Other stressors, such as loss and degradation of physical habitats, water quality impairment, and 
the effects of introduced species, are a legitimate source of concern regarding their potential 
contribution to recent and long-term declines in public trust resources, However, the research 
published in the past few years has tended to either: 

(1) reinforce the Board's caution that " ... flow and phys teal habitat interact in many 
ways, but they are not interchangeable." [2010 Flow Criteria Report, p. 1], 

(2) question the scientific basis for and/or importance of these other factors, and/or 
(3) demonstrate the critical role of freshwater flows in meditating these other stressors. 

In short, there is a high and increasing degree of certainty that increased Delta freshwater 
outflows (relative to available annual runoff) are absolutely necessary (even if not sufficient 
alone) to protect and restore estuarine habitat and fish and wildlife beneficial uses and public 
trust resources of the Bay-Delta estuary's low salinity zone. In this written submission, we 
review and summarize the findings of the new publications, studies, and data and conclude that 
these new studies and publications support the Board's findings in the 2010 Flow Criteria 
Report, including: 

(1) Existing flows are inadequate to protect Public Trust resources; 
(2) Winter/Spring outflows should be substantially increased and should be implemented 

as a percentage of unimpaired flows occurring in a narrow averaging period; 
(3) Fall (and possibly summer) outflows should be increased to provide sufficient habitat 

following wetter year types; and, 
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(4) Non-flow measures (such as physical habitat) interact with flow, but are not 
interchangeable and cannot substitute for flow. 

Based on this conclusion and the extensive scientific record on which it rests, and on the fact that 
the estuarine habitat and fish and wildlife beneficial uses are the most sensitive uses of the 
Delta's waters, and that these ecological resources are severely imperiled by the current highly 
degraded condition of the Low Salinity Zone, the Board should analyze the effects of 
implementing the 2010 Delta outflow criteria as new water quality objectives in the Bay-Delta 
Plan, make such modifications as may be necessary to avoid or minimize potential unintended 
consequences to Public Trust resources upstream, and should ultimately adopt outflow objectives 
that ensure restoration and maintenance of both upstream and downstream Public Trust 
resources. 

The Board should also complement these changes to the Bay-Delta Plan objectives with the 
adoption and implementation of a clear, transparent, and fully-defined adaptive management 
strategy that establishes specific, measureable, achievable, relevant and time-bound targets for 
protection of estuarine habitat, fish and wildlife, and Public Trust values (including but not 
limited to biocriteria) that the Plan's objectives are intended to achieve; performance monitoring 
and evaluation protocols to measure whether the objectives are achieving the desired targets; 
adaptive management triggers for modification of the objectives; and decision pathways that 
describe how corrective actions will be implemented when necessary. (This recommendation is 
addressed in our response to the section responding to the Board's second question in the 
workshop notice). 

I. WINTER-SPRING DELTA OUTFLOW AND LOW SALINITY ZONE 

HABITAT CONDITIONS 

A. New Information Regarding Changes in Delta Outflow Over Time and 
Causes 

SUMMARY: Central Valley water management activities have caused large-scale changes 
in the location and size of the LSZ 
during winter and spring and the 
magnitude and timing of Delta 
outflow during this period. 

The 2010 Flow Criteria report clearly 
recognized the effect ofhuman water 
management activities on flows into, 
through, and out of the Delta as well as 
the deleterious effect on ecosystem 
processes related to these alterations in 
flow. Taken together with publications 
and testimony previously entered into 
the record, publications and data 
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developed since 2010 demonstrate unequivocally that winter-spring freshwater flows into, 
through, and out of the Delta have deteriorated substantially over time (even following 
promulgation of previous water quality standards) as a result of water diversions throughout the 
Central Valley (Figure 1). 

The State of San Francisco Bay Report (SFEP 2011) summarizes the effect ofwater management 
on freshwater flows in the upper estuary and the impact of these flow alterations on Public Trust 
resources in this area. This peer-reviewed report condenses multiple data streams into easy-to
understand metrics that track ecosystem health. The report also analyzes trends in the underlying 
data that contribute to the synthetic metrics so that readers can understand the root causes of 
trends in the Bay-Delta's ecological conditions. 

SFEP 's index of freshwater flows reveals a consistent decline in conditions over time such that a 
10-year running average of this indicator has been "poor" since the late 1960's. 

SFEP reports: 

and 

Since 1993, when the San Francisco Estuary Partnership's CCMP called for increasing 
freshwater availability to the Estuary and restoring healthy estuarine habitat, overall 
inflow conditions have ... generally declined. Similarly, new water quality and flow 
standards established by the SWRCB in 1995 have not had a detectable effect on the 
Freshwater Inflow Index. [p. 23]. 

Based on results of the Freshwater Inflow Index, the health of the San Francisco Estuary 
is critically impaired. Reductions and alterations in freshwater inflow have their greatest 
impacts in the upstream regions of the Estuary and Suisun and San Pablo Bays where the 
mix of fresh and salt water creates productive open water estuarine habitat. [p. 23]. 

Not surprisingly, given the decline in freshwater flows through the Delta, the extent and 
quality of low salinity zone habitat declined significantly through time. The report 
explains: 

Results of this analysis reveal a steady decline in springtime estuarine open water 
habitat, from consistently good or fair conditions prior to the 1960s to mostly 
poor conditions by the 1990s ... Conditions improved during the late 1990s, 
during a sequence of unusually wet years but declined again in the 2000s [p. 26] 

1 New scientific publications and studies are highlighted in gray for ease of reference. We have provided online 

Page4 

ED_000733_DD_NSF _00005501-00004 



TBI eta/ Workshop 1 Submission to the SWRCB 
August 17, 2012 

In appendices, SFEP disaggregates the findings presented in the summary indices. This exercise 
clearly demonstrates that water diversions from the Central Valley have increased relative to 

available runoff ("unimpaired 
flow") in the watershed over time, a 
pattern that was also revealed in our 
2010 submission to the State Board 
(e.g. TBI et al. # 1, Fig. 4 ). Figure 2 
reveals that the percentage of 
available Central Valley runoff that 
makes it out of the Delta declines as 
conditions get drier (to the left of 
the graph)- diversions from the 
ecosystem remain relatively 
constant across hydrological 
conditions and dry years become 
disproportionately treacherous for 

. . . 2 
native aquatic species. 

The result of the increasing water 
development in the watershed has 
been a prolonged, severe, and 
human induced "drought" for the 
Delta ecosystem (Figure 3). 
Although natural hydrology in the 
Central Valley (represented here by 
"unimpaired flows") is highly 
variable, the estuary has 
experienced drought conditions for 
most of the recent past as a result of 
water impoundment and diversions. 
Far from the claim that "we've 
tried improving flows and it hasn't 
worked," actual inflows to the 
Delta have been extremely (super
critically) dry in nearly half(12) of 
the last 25 years. For comparison, 
such extremely low Delta outflows 
occurred naturally only twice in the 

past 82 years. Wetter conditions ("Above Normal" (green bars) and "Wet" (blue bars) years) 
have occurred naturally in 10 of the last 25 years ( 40%) but such benign outflow conditions have 
materialized in the estuary far less frequently ( 4 years out of 25). It is no wonder that indicators 
of low salinity zone conditions, such as populations of pelagic species, have declined to levels 
associated with a long-term drought. 

2 The Board's 2010 formulation of flows necessary to protect the public trust as a consistent percentage of 
unimpaired would alleviate the disproportionate impact to the ecosystem of water diversions in drier years. 
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In addition to reducing the magnitude of ecologically essential freshwater flows through the 
ecosystem, water storage, diversion and export operations change the timing of those flows 
dramatically (Figure 4). Because fish and other native organisms have evolved to capitalize on 
seasonal pulses in flow, the loss of 
those pulses at the appropriate time, 
can be devastating to a species' 
population viability. In particular, by 
tmncating the duration of pulse 
flows, water export operations cut 
short the window of time that native 
species have to complete flow
dependent transitions in their life 
cycle. Salmon juveniles that 
historically migrated to the Bay over 
a multi-month period of elevated 
flows (e.g. Williams 2006), are now 
constrained to migrating during 
regulated "pulse flow" periods that 
last just a few days or weeks. This 
has several effects: (1) fish that 
attempt to migrate outside the pulse
flow window (and the genetic and 
life history variation they represent) are selected against, which weakens the long-term resilience 
of the mn (Miller et al. 2011) and (2) the entire year class is jeopardized if the fish that do 
migrate during the pulse window arrive in the bay or ocean at a time when conditions are sub
optimal. Simply put, the life history variation that occurs naturally among native fishes of the 
Central Valley would only exist if it had produced success (survival and reproduction) with some 
frequency in the past; eradicating that genetic and life history variation by limiting the duration 
ofkey flow conditions jeopardizes the continued existence of native fish populations in the 
future (Miller et al. 2011; Rosenfield 2010; NMFS 2009; Williams 2006).3 

[Enrignt, C: :an as .. Culberson. 201 o: Salinity trends:, var:iability, and c()nttolJn the nortnemreacll: 
oftheSanHranciscoEstuaty. SanFrancisco Estuary and Watershed Science. 7{2). Available at:. 
http:l/esGholarship;org/ucfitem/Od5~737t]. 

Studying long-term data to determine which drivers influence Delta outflow and salinity at 
various locations in the Delta and Suisun Marsh, Enright and Culberson (2010) concluded that 
the State and federal water projects influence the trends in outflow and salinity across years and 
in specific months. This analysis reveals that, despite an almost 10% increase in rainfall 
measured in the Central Valley during the post-water project period, annual Delta outflow has 
decreased and salinity has increased at locations throughout the northern part of the San 
Francisco Estuary. These findings reinforce previous conclusions (referenced here and in 
previous testimony) that operations of the State and federal water projects exert a major 

3 The Board's 2010 recommendation that freshwater flows to protect the public trust ought to reflect percentage of 
unimpaired based on a narrow time window, such as a 14-day running average, would go a long way to restoring the 
natural hydrographic patterns in timing and pattern of freshwater flow. 
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influence on the size, position, and seasonal patterns of the estuary's low salinity zone, and that 
the operations of the State and 
federal water projects has made the 
upper reaches of the estuary more 
saline, not fresher (as is commonly 
asserted). Figure 5 (Enright and 
Culberson 2010's Figure 5) shows 
different resolutions of long-term 
trends in precipitation 
(hydrological conditions), actual 
Delta outflow, and salinity 
(environmental conditions), with 
the right panel revealing the long
term trend after accounting for 
seasonal (left column) and decadal 
(center column) patterns- the 
vertical dashed line divides the pre- and post-project periods. Enright and Culberson (2010) 
conclude, in part: 

and 

The state and federal water projects decoupled long-term trends in annual mean outflow 
and salinity from long-term trends in precipitation. 

The water projects dampen seasonal and annual outflow and salinity variability. [p. 1 0]. 

B. New Scientific Information Regarding Effects of Outflow on Fish 
Populations and Lower Trophic Levels 

SUMMARY: Changes in Delta outflow during the winter-spring are closely linked to 
population dynamics of numerous Public Trust resources -- less outflow corresponds to 
fewer aquatic organisms. 

As the Board recognized in the 2010 Flow Criteria Report, freshwater flows out of the Delta in 
the winter and spring are strongly (orders of magnitude), significantly, and persistently (over 
many decades) correlated with populations of pelagic fish and other aquatic organisms in the 
Bay-Delta Estuary. The scientific evidence is simply overwhelming that freshwater flows control 
one or many physical, chemical, and biological processes that directly influence abundance and 
distribution patterns of many native species in the Bay-Delta. As a result, almost all scientists 
working on the Bay-Delta estuary subscribe to this view. As SFEP (2011; cited above) notes: 

Scientists now consider poor freshwater inflow conditions to be one of the major 
causes for the ongoing declines of fish populations observed in the upper Estuary 
[p.23]. 
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{National Re~~,arca·(;ouncii. 2.0f2.Sustainable. waterand etr'llrironment:alrnrarutgemelrn; 
the 'Califbmia Bay-D~I~. NatroE.al The National Aca~tem11es 
Washington; DC. 1\vailable at: !!!!J~~LY!.!~~~~~~~cl::!!~~~~C.!.::!_::!_i;~ 

The National Research Council's report on sustainable water and environmental management in 
the Bay-Delta found that evidence strongly supported a dominant role of winter-spring Delta 
outflows in driving population dynamics of native pelagic species. The NRC panel wrote: 

Given that the position ofX2 for different periods of time appears to be important 
for different species, one can argue that water operations should be designed to 
preserve as much of both the volume of outflow and timing of that volume that 
would be observed in the absence of diversions (Moyle et al. 2010, SWRCB 2010). 
In light of the nature of the connection between flow and the pas ition of X2, this 
may necessitate limiting available water supply, especially in dry years. [NRC 
2012:63] 

In addition, the panel concluded that: 

... it appears that if the goal is to sustain an ecosystem that resembles the one that 
appeared to be fimctional up to the 1986-93 drought, exports of all types will 
necessarily need to be limited in dry years, to some fraction of unimpaired flows 
that remains to be determined. Setting this level, as well as flow constraints for 
wetter years, is well beyond the charge of this committee and accordingly we 
suggest that this is best done by the SWRCB, which is charged with protecting 
both water rights holders and the public trust. [NRC 2012: 105] 

1. New Scientific Information Regarding Effects of Outflow on Longfin Smelt 

The Board's findings in the 2010 Flow Criteria Report were based in part on our work to identify 
the fresh water flow needs of individual species' life stages as they related to particular attributes 
of population viability- abundance, spatial distribution, life history diversity, and productivity 
(TBI et al. 2010 Exhibits 1-4; McElhany et al. 2000). With particular regard to the low salinity 
zone, we presented substantial new analyses of the population response of longfin smelt 
(Spirhinchus thaleichthys) to levels of Delta outflow during the winter and spring and 
demonstrated that flows that would be sufficient to restore longfin smelt populations in this 
estuary would also be protective of other aquatic organisms in the pelagic (open water) areas 
downstream of the Delta. 

New publications, data, and analyses of the estuary's longfin smelt population strongly support 
the conclusions and recommendations of our 2010 analysis (TBI et al. 2010 exhibit #2). Indeed, 
the case for improving winter-spring Delta outflows (or, equivalently, locating X2 further 
downstream) in order to protect and restore longfin smelt populations has been bolstered in the 
past two years. 

Page 8 

ED_000733_DD_NSF _00005501-00008 



TBI eta/ Workshop 1 Submission to the SWRCB 
August 17, 2012 

,LUJ~''""""''""' IIt, W.J.Kimmerer, IJLBrown, KJj,_ Newman, R.Mac Nally,W.,A.Bennett, F. 
FleisnmaJ1. Bayesian change point trends fot pelagic fishes 

Francisco Ecol<)~, ~lCIUJ~Plr>m~at:tonts 

This study used Bayesian and linear regression models to examine trends in abundance of four 
pelagic fish species (delta smelt, longfin smelt, striped bass, and threadfin shad) and identify the 
biotic or abiotic covariates most closely associated with the trends in abundance. The 
multispecies model identified step changes in abundance for 3 of the 4 species in the early 2000s 
and concluded that the decline of longfin smelt was a continuation of a longer-term decline. For 
longfin smelt, the individual species model identified the decline in abundance as responses to 
increases in spring X2 (reductions in spring outflow). The authors concluded, in part: 

" ... at the estuary scale, abiotic factors (water clarity, X2, exports) may have 
more influence on interannual variation in abundances of the four species than do 
biotic variables. " [p. 1445]. 

Acknowledging that their results reinforced previous evidence regarding the likely causes of 
pelagic species population declines in this ecosystem, Thomson et al wrote: 

"The covariates we identified as strongly associated with pelagic fish abundance, 
namely X2, water clarity, and export flows, previously have been hypothesized to 
affect abundance." [p. 1443]. 

tMac Nally~, R.,l.R: Thomson, W.L Ki~meter, F. Fey,rer, K.B. Newma~, A: SIR, W ~A. Bennett, 
L, Brown, E. ~leishfi1at1, S.D. Culberson, and G.Gastillo. ,2010. Analysis ~fpelagicS';pecies, 
d:ecl~e in the upper ~an Francisco using tnriltivariate,;autoregres$iVJe modeling tMAR). 

~PPl1Cait10llS 20: at: 

This study utilized multivariate autoregressive modeling to analyze what factors were 
contributing to the declines of four pelagic fish species (delta smelt, longfin smelt, striped bass, 
and threadfin shad). The authors studied 54 covariates, including water exports, spring and fall 
X2, prey abundance, predator abundance, and water temperatures. They concluded: 

The position of[X2] (a measure of the physical response of the estuary to 
freshwater flow) and increased water clarity over the period of analyses were two 
factors affecting multiple declining taxa (including fishes and the fishes' main 
zooplankton prey). [pp. 1417] 

High summer water temperatures, spring water exports, abundance of largemouth bass, 
abundance of summer calanoid copepods, and winter water exports were negatively associated 
with delta smelt abundance to some degree. The modeled covariates explained 51% of the 
variability in abundance, and the authors concluded that water exports and X2 are associated 
with the declines and can be managed. 
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The CALFED Ecosystem Restoration Program initiated an effort to screen and evaluate potential 
restoration actions in the Delta, known as the Delta Regional Ecosystem Restoration 
Implementation Program (DRERIP). One part of that evaluation program involved the creation 
of conceptual models that summarized the state of knowledge regarding species' life histories, 
ecosystem processes, habitats, and stressors. Final versions of these models are now published 
and available through CDFG and should be incorporated into the Board's record in these 
proceedings. 

One of these DRERIP models focuses on what is known about the life history oflongfin smelt 
and the magnitude and scientific certainty surrounding the impact of different stressors on the 
species' life history and ecology. This conceptual model clearly emphasizes the wealth of 
research demonstrating the high magnitude effect of freshwater flow on longfin smelt population 
abundance- the relationship between winter-spring Delta outflow and success of longfin smelt 
eggs, larvae, and juveniles is rated as "high" as is the scientific certainty of that impact. Fresh 
water outflow and salinity (which is directly modified by fresh water outflow) are the only two 
stressors identified as having both high magnitude impacts on longfin smelt survival and a high 
certainty of impact (Rosenfield 201 0; Table 3 -"stressor matrix"). Of particular relevance are 
the figures that depict the likelihood and magnitude of impact of different stressors on the 
probability that longfin smelt will transition from one lifestage to the next (Rosenfield 2010; 
Figures 3-5, pp. 34-36). These schematic diagrams clearly identify Delta freshwater outflow as 
an ecosystem process with both high magnitude and high certainty effects on numerous stressors 
of longfin smelt populations - in every case, increased freshwater flow results in stressor 
reduction. 

Furthermore, the model describes how Delta outflow affects the spatial distribution of spawning 
adult and larvallongfin smelt. This mechanism largely determines longfin smelt entrainment 
rates at the South Delta pumps as lower winter-spring Delta outflows position longfin smelt 
nearer to the pumps and typically result in much higher entrainment rates than higher outflow 
conditions that help distribute longfin smelt further to the west. 

lJS··Fish andWildlife·.Service~• 201~.Eru:J;angered and Thre~:ened.Wi1d1ife~ui~Plantsi ·12~month 
Finding on a Petition to List the S~n Francisco Population o;f the Longfm Smelt as 
Endangered or 50 CFR Part 17. A v:ailab!e 

In 2012, The lJS Fish and Wildlife Service (FWS) issued a 12-month finding in response to a 
petition to list the San Francisco Bay-Delta population of longfin smelt under the federal 
Endangered Species Act (ESA; this population is already listed as a threatened species under the 
state ESA ). The FWS determined that this population of longfin smelt warranted listing as a 
threatened species, though administrative priorities precluded formal listing at this time. 

Page 10 

ED_000733_DD_NSF _00005501-00010 



TBI eta/ Workshop 1 Submission to the SWRCB 
August 17, 2012 

While describing the threats to this species in the Bay-Delta, FWS wrote: 

In the Bay-Delta estuary, increased Delta outflow during the winter and spring is 
the largest factor positively affecting longfin smelt abundance ... During high 
outflow periods, larvae presumably benefit from increased transport and 
dispersal downstream, increased food production, reduced predation through 
increased turbidity, and reduced loss to entrainment due to a westward shift in the 
boundary of spawning habitat and strong downstream transport of larvae (CFDG 
1992; Hieb and Baxter 1993; CDFG 2009a). Conversely, during low outflow 
periods, negative effects of reduced transport and dispersal, reduced turbidity, 
and potentially increased loss of larvae to predation and increased loss at the 
export facilities result in lower young-of-the-year recruitment. [p. 38]. 

The 12-month finding goes on to describe the effect of freshwater flow on longfin smelt 
populations and, in particular, the effect of water diversions on longfin smelt success. For 
example, the finding states: 

Because longfin smelt spawn in freshwater, they must migrate farther upstream to 
spawn as flow reductions alter the pas ition of X2 and the low-salinity zone moves 
upstream. Longer migration distances into the Bay-Delta make longfin smelt 
more susceptible to entrainment in the State and Federal water pumps (see Factor 
E: Entrainment Losses). In periods with greater freshwater flow into the Delta, 
x2 is pushed farther downstream (seaward); in periods with low flows, x2 is 
positioned farther landward (upstream) in the estuary and into the Delta. Not 
only is longfin smelt abundance in the Bay-Delta strongly correlated with Delta 
inflow and X2, but the spatial distribution of longfin smelt larvae is also strongly 
associated with X2. As longfin hatch into larvae, they move from the areas where 
they are spawned and orient themselves just downstream of X2• Larval (winter
spring) habitat varies with outflow and with the location of X2, and has been 
reduced since the 1990s due to a general upstream shift in the location of X2. The 
amount of rearing habitat (salinity between 0.1 and 18 ppt) is also presumed to 
vary with the location of X2• However, as previously stated, the location of X2 is of 
particular importance to the distribution of newly-hatched larvae and spawning 
adults. The influence of water project operations from November through April, 
when spawning adults and newly-hatched larvae are oriented to X2, is greater in 
drier years than in wetter years. [p. 39] 

The FWS finding obviously indicates that the continued existence of this unique and ecologically 
important species in the Bay-Delta ecosystem is threatened. By not listing this longfin smelt 
population, FWS left it uncovered by the protections afforded threatened and endangered species 
under the federal ESA, even though those protections are warranted. What is more, the most 
recent reviews of the latest draft Bay Delta Conservation Plan (BDCP), which is supposed to 
contribute to the recovery of longfin and other native fish species, indicate that the BDCP as 
currently envisioned will have a substantial negative impact on this species (see below). Thus, 
actions to protect the Bay-Delta's longfin smelt population (and the estuarine habitat on which it 
and numerous other pelagic species rely) are all the more imperative - new outflow and other 
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objectives promulgated by the Board may be the last best hope for conserving what was formerly 
among the most abundant fish in the Bay-Delta. 

@DCP "Red Flag~· Documents [Califoniia Depat1me1tt of Fish:aad Game;·US Fishat1d Wildlife 
Service; an;~ N~tio~al Marine Fis~eries Seryice. April20 !2 BUCP EAJCh. 5} Staff "Red EJ(!g'1 

n.C\/IG\1\1 Oomprehe11$ive List. Availableat:. 

In February 2012, BDCP released a draft Effects Analysis of a project proposal that was 
designed to minimize the direct impacts ofwater export operations (e.g. entrainment, stranding), 
but was projected to increase water diversions over recent norms. The fish and wildlife trustee 
agencies were asked to comment on the proposed project and Effects Analysis. These 
preliminary reviews, known collectively as the "Red Flag Staff Reviews," were highly critical of 
the draft BDCP (both the Plan itself and its Effects Analysis - see below for complete 
discussion). In particular, the agencies expressed grave concerns about the effect of anticipated 
reductions in Delta outflow arising from State and federal water project operations described in 
the Draft plan. The FWS wrote: 

The Low Salinity Zone (LSZ) is the primary habitat for delta smelt and the 
primary rearing habitat for larvallongfin smelt and juvenile to adult splittail. The 
Preliminary Proposal modeling indicates that Delta outflows during February
June will more frequently be near the minima required by the SWRCB under D-
1641. This will represent a substantial negative project effect on longfin smelt. 
The effects analysis and Net Effects only partly address this issue, reporting that 
Preliminary Project is expected to provide a large, positive impact to food 
resources that will offset the negative impact to "transport flows". But there are 
multiple mechanisms by which Delta outflow can affect longfin smelt recruitment; 
transport flow is only one of them. Transport flows might be managed via gates or 
other engineering solutions. The other mechanisms for which there is stronger 
scientific support are kinetic energy mechanisms (low-salinity zone habitat area 
and retention from gravitational circulation in the estuary). The problems that 
reduced outflow creates by changing these processes do not have reasonable 
engineering solutions, and at present appear to be manageable only via outflow 
[pp. 12-13]. 

2. New Scientific Information Regarding the Effects of Outflow on Other Fish 
Species 

The longfin smelt is not the only native fish species in the Bay-Delta Estuary whose population 
responds strongly to Delta outflows in the winter-spring period. The populations of several other 
species also display long-term, statistically significant, and high-order relationships with winter
spring Delta outflows (or X2; e.g., Jassby et al. 1995; Kimmerer 2002; Kimmerer et al2009; TBI 
et al. 2010, Exhibit #2). In 2010 and 2011, these species responded to hydrological conditions 
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exactly as one would expect given their life histories and their well-established historical 
response to freshwater flow variations. 

Water years 2010 and 2011 were wetter than the three years leading up to publication of the 
2010 Flow Criteria Report (Figure 6). In 
combination with high flows, operational 
constraints required under biological opinions 
for Delta smelt and anadromous species 
maintained more favorable in-Delta 
hydrodynamic conditions (e.g. less net 
negative flow from Old and Middle River) for 
a longer period than has occurred recently. 
These protective regulations notwithstanding 
and despite the fact that WY 2011 was only in 
the top ~80 percent of years in terms of 
available runoff (i.e., WY 2011 was wet, but 
not extremely wet), water exports from the 
South Delta reached an all-time high. 

Native fish populations responded positively to 
improved Delta outflows and Delta 
hydrodynamic conditions (Figure 7)- not 
surprisingly given the long-term, significant, 
high magnitude, and widespread response of 
the Delta ecosystem to increased Delta inflow, 
through-flow, and outflow (e.g. Stevens and 
Miller 1983; Jassby et al. 1995; Kimmerer 
2002; Kimmerer et al. 2009). Water years 2010 
and 2011 illustrate the point made by almost 5 
decades of fish and flow data from this estuary: 
increased freshwater flow into, through, and 
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out of the Delta generally leads to increased abundance of native fishes. Although 2011 is only 
one year (albeit, one with a pattern very similar to that seen in "wet" years throughout the ~45 
year fish population sampling record), the population responses of organisms as ecologically 
diverse as Delta smelt, longfin smelt, striped bass, Sacramento splittail should be somewhat 
independent of one another, unless one assumes that each of these populations is affected by the 
same drivers -drivers like freshwater flow. It is worth noting that the moderate population 
increases seen in 2010 and the more dramatic response in 2011 could not have been a response to 
restoration of shallow water habitat; reduction in ammonium discharge from the Sacramento 
Municipal Wastewater Treatment facility: or reduction in the abundance or extent of fish 
predators - none of those other stressors changed substantially in 2010 and 2011. Similarly, 
mortality due to entrainment at the South Delta water export facilities was relatively high in 2011 
for some species; nearly 9,000,000 Sacramento splittail and 27,000 Sacramento sucker were 
"salvaged" at the south Delta export pumps (a record for each of these endemic fish species) and 
over 200 white sturgeon where captured at the pumps, their worst year since 1998 (TBI 2012). 
The only change in major ecosystem drivers that improved in 2011 compared to the previous 4-
years was the volume of water that flowed into, through, and out of the San Joaquin Delta during 
the winter and spring and the improvement in fall habitat conditions. 

3. New Scientific Information Regarding the Effects of Outflow on Lower 
Trophic Levels and Food Webs 

In addition to fish species, the 2010 Flow Criteria Report recognized that Delta freshwater 
outflow significantly affects populations of numerous invertebrate species that form the base of 
the food web for fish and other species (see also Kimmerer 2002; Kimmerer et al. 2009). 
Freshwater flow, through its myriad effects on the Low Salinity Zone, structures and controls the 
distribution of aquatic species assemblages in the upper reaches of the estuary and beyond. 
Recent scientific studies and publications confirm the validity of this finding (e.g. Mac Nally et 
al. 2010; NRC 2012; Peterson and Vayssieres 2010; Winder and Jassby 2010) 

For instance, the analysis by Mac Nally et al (2010) found a strong relationship between X2 and 
the abundance of both calanoid copepods and mysids (both of which are part of the food web for 
delta smelt, longfin smelt, and other native fish species). When X2 is more seaward in the spring 
(lower X2 values), the spring abundance of copepods and mysids is greater, "which also would 
propagate back through those food pathways" to delta smelt and longfin smelt (Mac Nally 
2010:1426). Because "Longfin smelt abundances had strong negative correlations with 
calanoids in spring and summer and mysids in spring," and Delta smelt abundance had a weaker 
relationship with calanoid abundance in summer, the authors concluded that X2 "seems to have a 
profound effect on the decliningfish and on their prey," (Mac Nally 2010:1428). 

The National Research Council (NRC 2012) reviewed the effects ofX2 on aquatic resources, 
including food webs. They reviewed work by Jassby that found that X2 affected "the 
abundance/biomass of a number of organisms, including the total production of particulate 
organic carbon by phytoplankton in Suisun Bay, the shrimps Neomysis mercedis and Crangon 
franciscorum, and several fishes," (NRC 2012:58, citing Jassby 1995). They reviewed the Mac 
Nally et al. 2010 study, stating that it found that, "The pas ition of X2 in the spring ("spring X/') 
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[s]trongly influences the abundance ofmysids, longfzn smelt, and calanoid copepods." (NRC 
2012:60). After reviewing work by Jassby, Kimmerer, and Mac Nally, the NRC report 
concluded that: 

Thus, while the mechanisms behind the influence the of pas ilion of X2 on the 
abundance of a variety of biota remain hypothetical, the statistical relations 
reported in several papers show that abundance of a number of species at 
different trophic levels found in the Delta and San Francisco Bay is higher when 
X2 is farther downstream. This implies that sufficient reductions in outflow due to 
diversions would tend to reduce the abundance of these organisms. [p. 60]. 

The National Research Council's report also included an appendix prepared by Dr. Wim 
Kimmerer, which discussed changes in zooplankton composition and abundance over time. The 
appendix notes that: 

Opportunities to reverse the declines in zooplankton are severely limited, at least 
with our current knowledge of their ecology. Producing more food for them is 
impracticable because adding more phytoplankton to the system would probably 
just produce more clams. There may be opportunities to enhance populations of 
some zooplankton through manipulations of freshwater flow, and control of 
nutrient inputs to the Delta may improve growth conditions for phytoplankton and 
reduce the frequency of harmful algal blooms. These are active areas of research 
which will help to clarify the potential responses to these changes. [NRC 
2012:201]. 

Several other studies provide additional information on the relationship between outflow and 
lower trophic levels. 

[Winder, M, &A~D. Jasshy .. 2010. Shifts in zoq{>lartk:tonccml:ll:unity structure: implicatio11s tot; 
foed-web San Estuary.Bstuar~Coasts. Availal'fle at~ 

This paper reported analysis of long-term patterns in zooplankton abundance, distribution, and 
species composition in the Bay-Delta estuary. They note the correspondence between major 
changes in the estuary's zooplankton assemblage and native fish populations that occurred 
during the 1987-1993 drought, but found no evidence that more recent declines in fish 
populations (i.e. the POD) were caused by changes in zooplankton abundance. They wrote: 

While the long-term decline of diverse fish populations in the upper SF Estuary 
coincided with reduced primary and secondary production (Cloern 2007), our 
analysis showed that the sudden drop of many pelagic fishes in 2002 (Sommer et 
al. 2007; Thomson et al. 2010) was not accompanied by an equivalent decrease in 
the quantity of zooplankton carbon. Substantial zooplankton and mysid declines 
occurred in the mid- to late 1980s, and biomass of both groups remained at low 
levels thereafter, without significant changes in the early 2000s when pelagic fish 
densities dropped substantially (Table 2). This suggests that changing prey 
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quantity was not a dominant factor contributing to the recent fish declines. 
[Winder & Jassby 2010:686-87] 

[Peterson, H! anq Vayssieres, M .. 2010. :Sen~io A:ssemolageVariability i11 the· UpperS aD 
Francisco San Francisco Bsmm:y and Watershed Science; 
8(1}. Available at: !!!!trJJ.J..~~!!!!!!If!J~~~QL:!::!~!.Qf~ 

Peterson and Vayssieres (2010) studied 27 years of data on benthic assemblages along the major 
axis of the northern estuary and concluded: 

Hydrologic variability was associated with significant changes in benthic 
assemblage composition at all locations. Benthic assemblage composition was 
more sensitive to mean annual salinity than other local physical conditions. That 
is, benthic assemblages were not geographically static, but shifted with salinity, 
moving down-estuary in years with high delta outflow, and up-estuary during 
years with low delta outflow, without strong fidelity to physical habitat attributes 
such as substrate composition or location in embayment vs. channel habitat. [p. 
1]. 

As a result, the authors found that species assemblages at specific geographic locations 
such as Grizzly Bay varied dramatically between high outflow and low outflow years. 
(Peterson & Vayssieres 2010:19-20). 

4. New Scientific Information Regarding Relationships Between Outflow and 
"Other Stressors" 

SUMMARY: New scientific information casts further doubt upon the hypothesized 
connection between certain "other [non-flow] stressors" and decline of native fish species 
asserted in 2010. 

During the Board's Delta Flow Criteria proceedings in 2010, several parties promoted the 
hypothesis that factors other than fresh water flows were driving declines in populations of 
public tmst species. Many of these putative stressors involved different mechanisms for 
suppressing the pelagic food web in the Bay-Delta. However, none of the arguments presented in 
support of this hypothesis provided any basis for making a direct connection between the 
hypothesized cause of a decline in primary productivity and the fish populations that were 
alleged to be affected by this decline. Most of these species are secondary consumers, that is, 
they feed two levels away from phytoplankton in the food web. Although it is intuitively 
attractive to argue that a decline in production at the base of the food web would lead to a decline 
in production of secondary consumers (or, in some cases, predatory fish), this kind of linkage has 
not been demonstrated in this system (e.g. Kimmerer 2002). Indeed, with regard to trophic 
interactions, Thomson et al. (2010; cited below) found: 

" ... the strongest effects generally were "top-down," with fish apparently having 
more influence on prey biomass than vice versa". [p. 1445]. 
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1. New Scientific Information Regarding the Effects of Ammonium 
Loadings 

fCloern; J.~, AJ':Ja5sby, 1: Caxstensen.W:.A.l~eJinett, '\V· Klmmerer,,R.,,~acNaUv. D.H. 
Schoellhaniet, M. :Winder • .2012 ... Perils ofc'?tfelating CUSDM-transformed variables to infer 
ec6logicalrelatio~ships{Breton etaL 200(); Glibert 20'1 0). Li;mnol. Oceano gr., $7 :665-'-668: 
Availal>le at: http://kiiwuqx,aslo.<}rg/lo/toc/vol 57/issue. 2/0665 :pdf) 

and by reference 

[QlilJert,.P~2CflO. tong-term chailge:sin.nutrie:o:t loadin~ ana,stoichiom:trY .. andtheir 
relatioashipswith changes ~the food web and dominant pelagic fish sR:cies in the Sah 
:Francisco.Estu: Califomia.·Rev. Fisli. Sci . .1 . at: 

During the State Water Board's 2010 Delta Flow proceedings, a manuscript by Glibert (2010) 
was offered as evidence to suggest that ammonium loadings, through their putative effect on the 
pelagic food web, were driving declines in the fish fauna of the Sacramento Estuary and that 
freshwater flows were relatively unimportant. Although we do not dispute the potential value of 
addressing ammonium inputs (or other potential toxins) to the estuary, the analysis by Cloem et 
al. (2012) demonstrates that the correlations between ammonium and fish populations reported 
by Glibert (20 1 0) were artifacts of an unwarranted and invalid statistical technique. 

Cloem et al. 2012 explored and invalidated the statistical approach employed by Glibert (2010) 
and the conclusions Glibert posited regarding ecosystem processes in this San Francisco Estuary. 
Specifically, Glibert (2010) presented an unorthodox statistical analysis that led her to conclude 
that recent zooplankton and fish species declines were driven by a single factor, increased 
ammonium inputs from the effluent of municipal wastewater treatment plants. Cloem et al 
(including eight of the most respected and experienced ecological researchers who have studied 
the San Francisco Estuary) found: 

" ... no history for regression (or correlation) analyses on CUSUM-transformed 
variables prior to its use by Breton et al. (2006), and we have found no 
theoretical development or justification {Or the approach. We prove here that the 
CUSUM transformation, as used by ... Glibert (2010), violates the assumptions 
underlying regression techniques. As a result, high correlations may appear 
where none are present in the untransformed data ... Regression analysis on 
CUSUM-transformedvariables [the method used by Glibert 2010] is, therefore, 
not a sound basis {Or making inferences about the drivers of ecological variability 
measured in monitoring programs. [Emphasis added] [p. 665] 

Cloem et al (2012) conclude: 

" ... Glibert (2010) inferred a strong negative association between delta smelt 
abundance and wastewater ammonium from regression of CUSUM transformed 
time series. However, the Pearson correlation (r = -0.096) between the time 
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series ... is not significant, even under the naive ... assumptions (p = 0.68). In 
short, correlations between CUSUM-trans(Ormed variables should not be used as 
a substitute (Or analysis o(the original untrans(Ormed variables." [Emphasis 
added] [p. 668] 

n. New Scientific Information Regarding the Effects of Invasive Benthic 
Grazers 

Peterson and Vayssieres (2010; cited above) discounted the potential linkage between putative 
stressors such as benthic grazing (e.g. clams), pesticides, or microcystines from toxic algal 
blooms and the recent pelagic organism decline (POD). For example, they found: 

"[Benthic] assemblage structure during the POD years was not 
significantly different from other post-invasion years at any of the 
stations," 
" ... no evidence from the benthic abundance data that the influence of 
benthic grazing underwent a significant change coincident with the 
POD," 
" ... no decline in amphipod species (. .. important prey for pelagic fish) 
was evident during the POD ... " [and thus that] " ... the role of pesticides 
in the POD may be limited," and 
" ... that microcystines probably did not have a broad effect in the upper 
estuary". [p: 22] 

Winder and Jassby (2010; cited above) reported analysis oflong-term patterns in zooplankton 
abundance, distribution, and species composition in the Bay-Delta estuary. They note the 
correspondence between major changes in the estuary's zooplankton assemblage and native fish 
populations that occurred during the 1987-1993 drought, but found no evidence that more recent 
declines in fish populations (i.e. the POD) were caused by changes in zooplankton abundance. 
They wrote: 

While the long-term decline of diverse fish populations in the upper SF Estuary 
coincided with reduced primary and secondary production (Cloern 2007), our 
analysis showed that the sudden drop of many pelagic fishes in 2002 (Sommer et 
al. 2007; Thomson et al. 2010) was not accompanied by an equivalent decrease in 
the quantity of zooplankton carbon. Substantial zooplankton and mysid declines 
occurred in the mid- to late 1980s, and biomass of both groups remained at low 
levels thereafter, without significant changes in the early 2000s when pelagic fish 
densities dropped substantially (Table 2). This suggests that changing prey 
quantity was not a dominant factor contributing to the recent fish declines. [pp. 
686-687] 

In addition, new scientific information regarding effects of fall outflow on Corbula amurensis 
and other invasive benthic species is discussed infra. 
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iii. New Scientific Information on the Relationship Between Physical Habitat 
and Flow 

In the 2010 Flow Criteria Report, the Board correctly noted that " .. flow and physical habitat 
interact in many ways, but they are not interchangeable." Put another way, increased flows of 
fresh water into, through, and out of the Delta, at appropriate times of year (particularly, the 
winter and spring) are absolutely necessary, if not sufficient on their own, to restore the public 
trust values and protect beneficial uses of the Bay-Delta ecosystem. 

In its review and revision of the Bay-Delta Plan, the Board has indicated that it anticipates using 
relevant information from the environmental documentation being prepared on the effects of the 
proposed Bay Delta Conservation Plan (BDCP). A central assumption of the BDCP to date has 
been that negative impacts of increased Delta exports by the state and federal water projects can 
be offset by restoring tens of thousands of acres of shallow tidal and floodplain habitats in the 
Delta. This assumption, and the failure to adequately analyze it in the environmental documents 
thus far, has been widely criticized by the scientific community. All of the federal and state fish 
and wildlife trustee agencies as well as various independent scientific review panels have 
commented repeatedly that the BDCP's projected impact on freshwater flow conditions as a result 
of increasing exports will be deleterious to native fish species (regardless of the fact that the new 
diversion would be equipped with improved fish screening technology that would presumably 
reduce the direct impact of entrainment at the new diversion) and that its plan to mitigate these 
impacts by improving habitat conditions are speculative at best. Below, we describe the feedback 
on recent versions of the BDCP as it is relevant to current arguments about the magnitude and 
likelihood of potential non-flow related solutions to the decline in the Bay-Delta's public trust 
resources. 

This independent scientific peer review of the BDCP Effects Analysis was highly critical of the 
Plan's analysis of food webs, habitat restoration, and effects on phytoplankton production, 
concluding that, "the BDCP treats restoration as a 'given' positive, without considering to much 
extent that the same actions will also 'create' habitat for trophic consumers (e.g., Egeria 
invading and providing habitat for predators of threatened fish), or trophic competitors (e.g., 
filter-feeling clams creating permanent phytoplankton sinks)" and stating further that, "the 
treatment of food resource availability is grossly incomplete and overly simplistic" (Parker 2012: 
22, 27). 

The panel found that restored tidal marsh habitat could lead to increased Submerged Aquatic 
Vegetation and introduced species, and that the BDCP's Effects Analysis failed to consider the 
potential that: 
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... these shallow open water habitats will be new habitat for expansion of invasive 
clams such as Corbicula. Under this scenario, the new shallow water habitats 
would likely act as net sinks for pelagic phytoplankton, and not sources of 
phytoplankton, thus acting as a net negative effect for food resource availability. 
[p. 28] 

In addition, the authors found that restored tidal marsh habitat could lead to eutrophication, 
harmful algal blooms, or low dissolved oxygen, and that "[t]his would most likely occur in 
shallow open water habitats with poor flushing I long residence times, i.e., the type of habitats 
being proposed under the BDCP," (Parker et al. 2012:28). The peer review also noted that 
currently: 

... some of the shallow open water habitats (i.e., Mildred Island) with long 
residence time are habitat for cyanobacteria, including Microcystis spp. While 
specific drivers of Microcystis blooms are still not resolved (but see Lehman 
2005; Lehman et al. 2008), water temperature and residence time have been 
implicated. Under ji1ture climate scenarios, shallow open water habitats may 
promote Microcystis and other harmful cyanobacteria species (e.g. Anabaena, 
Aphanizomenon). [pp. 28-29] 

Finally, the authors specifically looked at the potential impacts to longfin smelt from BDCP 
proposals that would include habitat restoration but reduce winter/spring outflow. The peer 
review strongly recommended that BDCP must avoid further declines in the longfin smelt 
population "while waiting for possible beneficial effects of habitat restoration," noting that 
habitat restoration would take years to be accomplished and that "the benefits of habitat 
restoration for longfin smelt are not highly certain." (Parker 2012:39-40) 

The BDCP Red Flag StaffReviews (2012; cited above) were extremely critical of the 
assumption that habitat restoration elements of the Plan would more than mitigate for the 
project's increased water exports. For example, regarding the impacts of reduced flows resulting 
from BDCP on sturgeon, CDFG found: 

The collective predicted negative river flow effects of the [Project] create the risk 
of a depressive effect on sturgeon production that may not be overcome by more 
favorable ... aspects (e.g. reduced entrainment, increased food production supply). 
This suggests the need to modifY the [Project] to reduce the magnitude and 
frequency of river flow reduction occurrences, in both upstream and downstream 
areas. [p. 2] 

Regarding the impacts of reduced flows resulting from BDCP on ecosystem processes in the low 
salinity zone, FWS found: 

Reduction of flows (infidl consideration of timing, magnitude, variability) is the 
most fundamental cause of stress and driver of change to the fishes and food web 
that have adapted to the tidal and freshwater mixing environment that is the Bay
Delta ecosystem. In addition, some of the other stressors listed and assumed to be 
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and 

and 

addressed through the [BDCP] conservation measures are either directly or 
indirectly influenced by Delta inflows, exports, and outflows. [p. 11]. 

Increased residence times and reduced flushing of the Delta by Sacramento River 
water appear likely to result in interior-Delta channels that are further dominated 
by agricultural runoff, invasive aquatic vegetation, warmer temperatures, and 
increased algal productivity with its associated dissolved oxygen swings.[p. 14] 

Both projected sea level rise and [BDCP] are also anticipated to cause the 
average location ofX2 to move upstream during the summer and fall. The effects 
analysis acknowledges this result, but ... concludes that habitat restoration and 
food web enhancement will greatly offset this loss of habitat value. The 
conclusion is in part speculation and in part does not reflect current scientific 
understanding. [p. 13]. 

In response to these critiques, the consultant preparing the BDCP Effects Analysis admitted that, 
"The larger question regarding how flow and habitat restoration interact in terms of effects on 
covered fish, the information and tools we would need to address this issue in the EA do not 
exist." [p. 1 0] 

[Grimaltlo, L~. Miller, R., Peregrin. G .. H~ma:uson .• b. 201:£. Fish tlssemblages in.Rereren~e and 
R~stor~d TidalFteslrwater JYiarslles of the San Francisco Estua:fv. SanFra~dscoEstuaFy and 
Watershed Science, lD(ll Available at: http;f/escliolarshrp;org/ucfitem/5Zt3xOhq.pdft 

This paper documents the results of fish sampling in 1998 and 1999 at a reference marsh and at 
several tidal marshes that were unintentionally restored as a result of levee breaches. Fish were 
sampled in both shallow and deeper water. The smveys found that the flooded islands were 
dominated by introduced fish species (native species were only 2% of the total catch), 
particularly where submerged aquatic vegetation (SA V) was found. The authors found that, 
"Flooded islands dominated by SAV will likely support an abundance of introduced fishes, 
especially centrarchids. Thus, lower priority should be given to potential restoration sites that 
are at elevations likely to favor SAV colonization,"[Grimaldo et al. 2012: 17]. Because islands in 
the central and south delta are substantially below sea level, the authors suggested that habitat 
restoration efforts may need to focus on the North Delta, where SAY concentrations are lower 
and potential restoration sites are near sea level. The authors cautioned that, "Our study findings 
indicate that newly restored habitats in the Sacramento-San Joaquin Delta will be invaded by 
introduced fishes," [Grimaldo et al. 2012:1]. 

The National Research Council's 2012 report also raised concerns that habitat restoration may 
not yield substantial benefits for listed species, and could cause harmful impacts, particularly if 
newly restored habitats are colonized by Corbula amurens is and other invasive clams, stating 
that: 

A more subtle effect of transport on primary production is that transport can 
couple regions of high productivity with regions that are strong sinks for primary 
production due to benthic grazing (Lucas et al. 2002), such that increasing 
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residence time can reduce the accumulation of phytoplankton biomass. As an 
aside, this points to a possible problem with proposals (e.g., in the BDCP) to 
increase primary production in the system by increasing shallow water habitat: if 
that shallow water habitat includes as ignifzcant biomass of benthic grazers, it 
may become a net sink for primary production and so will decrease the total 
phytoplankton biomass available for pelagic grazers like zooplankton. [NRC 
2012:58]. 

The NRC panel also cautioned that restored habitats are likely to be dominated by nonnative 
species. 

IV. New Scientific Information Demonstrates that Freshwater Flow Mediates 
"Other Stressors" 

In the 2010 Delta Flow Criteria proceedings, much was made of the opportunities to better 
understand the mechanisms by which freshwater flow benefits native species. In some cases, 
these mechanisms were well understood at the time. For example, the Board heard evidence that 
Sacramento splittail spawning and growth of Chinook salmon juveniles is supported by 
floodplain inundation, presumably because of the creation of suitable incubation habitat for 
splittail and generation of food items for the salmon. In other cases, the mechanism driving the 
well established, durable, and high magnitude correlations between flow and abundance are less 
certain- probably because there is not a single mechanism but a complex, interconnected, and 
perhaps context-dependent set of factors driving the relationships. 

The Board does not need a complete technical understanding of the mechanistic processes by 
which increased freshwater flow leads to positive population responses in order to establish 
protective objectives in the Bay-Delta Plan. The highly significant correspondence between flow 
and abundance (for instance) provides a more than adequate basis for such objectives. 
Furthermore, it is important not to regard freshwater flow and other stressors as unrelated, 
independent factors. Freshwater flow is integral to numerous ecosystem processes (e.g. related to 
temperature, transport, turbidity, particle retention, water quality, etc.); as a result, reductions in 
freshwater flows tend to exacerbate other stressors to fish populations and vice-versa. For 
example, Dugdale et al. (2007) recognized that the impacts of their hypothesized ammonium 
loading mechanism would be strongly influenced by Delta flow rates and Jassby and Van 
Nieuwenhuyse (2005) revealed the impact of reduced Delta inflow on the dissolved oxygen 
barrier to fish migration that prevails in the Stockton Deepwater Ship Channel. 

Since 2010, new publications have highlighted the central role played by flow in the operation of 
numerous potential "other stressors" in the San Francisco Estuary. For example: 

[Wilrd~r,NI:;AJ~. JaS:sby,and R. MaoNllllY: 
hydroiQgical modifications iilclllitat~ 

Synergies l:>etween.climate anoma1les and 
""'

1 .,.in', L¢ttets 14: .. · 74'9::-7~ 7. 
Available at: !!!!Jff:fi:.Q!!!~~~!!Yl~~~~~~~~~ID~~lliMlllb~~~ 

Winder et al. (20 11) conducted retrospective analyses of the correspondence between species 
invasions and fresh water flow rates in this ecosystem and concluded: 
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Hydrological management exacerbated the effects of post-1960 droughts and 
reduced freshwater inflow even further, increasing drought severity and allowing 
unusually extreme salinity intrusions. Native zooplankton experienced 
unprecedented conditions of high salinity and intensified benthic grazing, and life 
history attributes of invasive zooplankton were advantageous enough during 
droughts to outcompete native species and colonise the system. [p. 794] 

Similarly, the life history conceptual model for longfin smelt (Rosenfield 2010; cited above) 
clearly show that Delta freshwater outflow is the dominant driver of survival ("transition 
probability") for early life stages of this native fish and that it drives many other potential 
stressors on longfin smelt abundance, productivity and distribution, including: 

- quality and availability of incubation habitat, 
- direct entrainment at water diversions, 
- concentration and diversity of toxins, 
- transport and spatial distribution of larvallongfin, 
- marine migrations, and 
- availability ofprey. 

Also, in their "Red Flag Reviews" of 2011's draft Bay Delta Conservation Plan (cited above) the 
fish and wildlife trustee agencies, wrote: 

Increased residence times and reduced flushing of the Delta by Sacramento River 
water appear likely to result in interior-Delta channels that are further dominated 
by agricultural runoff, invasive aquatic vegetation, warmer temperatures, and 
increased algal productivity with its associated dissolved oxygen swings. These 
environmental conditions favor nonnative/invasive species (e.g. Egeria densa, 
largemouth bass, water hyacinth, Microcystis) and disfavor native fishes. The 
Delta is already more biologically similar to a lake than it once was, due to the 
historical accumulation of human modifications. We expect that by reducing 
Delta flows, the Preliminary Project would likely facilitate the spread of habitat 
conditions that are unfavorable to delta smelt, and less favorable to other target 
fish species survival and recovery. [pp. 14-15]. 

II. FALL DELTA OUTFLOW AND LOW SALINITY ZONE HABIT AT 

CONDITIONS 

The Flow Criteria Report concluded that increased fall Delta outflow was necessary to improve 
habitat conditions for Delta smelt, and it recommended that X2 be located west of 7 4 km in Wet 
years and west of81 km in Above Normal years ("Fall X2 Action"),4 with delta outflow for other 
water year types consistent with the 2006 Bay-Delta Water Quality Control Plan (SWRCB 2010: 
98-99, 108-112). The report classified this as a Category B recommendation, calling for 
implementation in an adaptive management framework. Scientific studies and publications since 

4 This is consistent with the requirements of the U.S. Fish and Wildlife Service's 2008 biological opinion. 
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2010, particularly the preliminary monitoring and study results from implementation of the 
adaptive management plan for the Fall X2 Action in 2011, provide additional support the Board's 
conclusions in 20 1 0. 

A. New Information Regarding Changes in Fall Outflow Over Time 
and Causes 

EEnrigbt, ~, and S.D. t;;uloen~on. 
reachofthe 
Available at: 

====~==========~~==~==~~~ 

aha control in the northern 
::scte:nce, 7(2).5 

This paper documents a substantial reduction in delta outflow during fall months in the 1968 to 
2006 period, concluding that the reductions in outflow during the fall "likely reflect increased 
fall pumping after the 1994 Delta Accord." This paper also documents how delta outflow has 
become decoupled from precipitation, with the reduction in outflow due primarily to water 
export operations, as discussed in detail above. 

[Feyier, F .. 2?I2. Declaration ofirederiek Y.Feyret In SU£lPOU of Defendants ~·Opposition to 
Plaintiffs' Motion for Injunctive Relief, July 1, 201 L fDoc. 944)] 

In this declaration, Feyrer compared average September to December X2 locations following wet 
and above normal year types for the periods 1930-1967 (pre-project), 1968-1999 (post-project), 
and 2000-2009 (post-project) (Figure 8). He also examined changes in the CVP/SWP export: 
inflow ratio during these same periods (Figure 9). The analysis in this declaration shows that 
increased water exports and other CVP/SWP operations have reduced Fall X2 in recent years. 

5 This paper was published during the 2010 proceeding, but it was not cited in the 2010 Flow Criteria Report. 
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B. New Scientific Publications Regarding the Effects o(Fall outflow 
on fish populations and lower trophic levels 

[F eyrer,. F.,· K. NP:xltmlm 

Outflow on 
I(). 

and T.S.om.nier. 2010. Modeling the EffectsofFuture 
1~lliV"'U.LVU Estuari:qe Fish. Estuaries and Coasts. DOl 

This paper documents a substantial decline in the 
abiotic habitat quality for delta smelt from 1967 to 
2008, using a generalized additive model to relate 
habitat quality (temperature, salinity, and 
turbidity) with the probability of occurrence of 
delta smelt. The model predicts continued decline 
in fall habitat quality as a result of climate change. 
In addition, this habitat index was positively 
correlated with the Delta smelt abundance index, 
but there was more variability in abundance at 
higher habitat values; in other words, low habitat 
values are correlated with low abundance, but high 
habitat values are correlated with both high and 
low abundance (See Figure 10). The authors 
hypothesized that increased habitat area lessens the 
likelihood of density-dependent effects on the 
Delta smelt population and lessens the probability 
of stochastic events, such as a major pollution 
event that causes substantial mortality. 

[t~ So111met, F. ~ejia:,M. Notiriga,.F.Feyrer,hGrimald~. 2011. The Spawnirlg]vligiation ~f 
Delta Smelt in the Upp:er Francisco Esntary. San Francisco Estuary and Watershed Science, 
9(2).··Available at: .. Jlimll~~Q!m]l}!~;gLY~~~~~;JlQIJ 

The paper concludes that the over the past 20 years, the distribution of delta smelt during the pre
migration period (fall) is in the low salinity zone, and that fish distributions in the fall are highly 
significantly related to the location ofX2. The paper acknowledges that an unknown portion of 
the population occurs in the Cache Slough region, an area that is not consistently sampled in the 
FMWT, but concludes that the FMWT provides the best available information to analyze long 
term trends in Delta smelt abundance and distribution. 

[Baxter, R·R. Breuer, J..:. Brown, I;; . .Conrad, F ... Feyrer, .S .. Fong, K. Qehrts~L. Grimaldo,. B . 
.Herbold, P. Hrodey, A. Mueller-Sol:ger,T: Son1tlltit, K: Sol1Za. 2010. Pelagic Organism Decline 
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WoikPlan and ::>vt1tlu~sts 
Available at: ~~~!.!!..:..!!..!:~~~~~~~~~~~~::....!.!...:~:l:!!!:!!:!.!:.~~~ 

This report summarizes the synthesis of research on the pelagic organism decline. It finds that 
fall habitat quality for delta smelt has significant declined, and that there is evidence that this 
habitat decline has had and continues to have population level consequences for delta smelt. It 
states that "there is good evidence for reduction in habitat availability and suitability during the 
fall and a linkage of these reductions with abundance." The report also proposes that changes in 
salinity and outflow are the most important environmental drivers of the pelagic organism 
decline, including the problem of recent fall outflows being low regardless of water year type. 

[B~CP ''Red Flag'~ Documents [Califomi~ Bepa,rtment ?f Fish and Game; USFish CJ11El Wildlife 
$el"Vice; .and NatipnalMarine Fisheries. Service. ~pril 2012 .BQCP EA (Ch. Sj Staff ''.Red Flfltf' 
Review Comprehensive List. Available at: 

The BDCP "Red Flag StaffReviews" (2012; cited above) comments by the regulatory agencies 
on the February 2012 draft BDCP identify the agencies' concerns regarding the exclusion of the 
Fall X2 Action from that BDCP proposal. In particular, DFG concluded that there is reasonable 
evidence that recent changes in water management in the Delta have substantially degraded fall 
habitat for delta smelt, that this has contributed to the pelagic organism decline, and there is great 
uncertainty the potential benefits of tidal habitat restoration and food production will offset the 
negative effects of fall habitat degradation. FWS similarly stated that reduction in flows (in terms 
of magnitude, timing, and variability) is the most fundamental cause of stress and driver of 
change in the Delta ecosystem. FWS also stated that: 

Both projected sea level rise and the Preliminary Proposal are also anticipated to 
cause the average location of X2 to move upstream during the summer and fall. 
The modeling indicates that intra-annual variability would be lost for several 
months in the late summer and fall in all water year types; even wet years would 
functionally become dry years for a third of delta smelt's life cycle. The effects 
analysis acknowledges this result, but the Net Effects concludes that habitat 
restoration and food web enhancement will greatly offset this loss of habitat 
value. The conclusion is in part speculation and in part does not reflect current 
scientific understanding. 

This has several implications for delta smelt. First, under the preliminary project 
delta smelt habitat would less frequently lie in Suisun Bay and Marsh during 
summer and fall. The habitat suitability modeling shows that this would limit the 
capacity of tidal marsh restoration in the Suisun region to contribute to delta 
smelt production. Second, lower summer outflows would increase the length of 
time that seasonal delta smelt habitat constriction occurs and overlaps with 
physiologically stressful water temperatures. This means that more food 
production would be required to maintain current delta smelt growth and survival 
rates, even in areas where temperatures remain suitable. In areas where 
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temperatures exceed physiologically suitable levels during the summer(~ 24°C), 
no amount of food production will increase growth or survival rates. Third, the 
restricted distribution of delta smelt during most summers and essentially all falls 
would increase the chance that a localized catastrophic event could pose a 
serious threat to the survival of the delta smelt population. [p. 13]. 

[U;S. Fis:h an,~ Wildlife Serv~ce)~Ol2. First ]:}ra{t,20ll .FQ;rmal.Rndan,geted Species AqJ 
CQrtsultatfun on; the Propf:>se4 Coordimited Qp~rations ofthe CentrQI Valley Project and St~te 
Water Project ~v~ilaple ottline at: 

The draft biological opinion released by the U.S. Fish and Wildlife Service in December 2011 
acknowledged that several recent life cycle models (Mac Nally 2010; Thomson 2010) did not 
find correlations between Fall X2 and Delta smelt abundance.6 The draft biological opinion 
states there are reasonable explanations why the partial life cycle models (Feyrer 2007, Feyrer 
2010) found such a relationship whereas the other models have not: whereas the life cycle 
models examined changes in the FMWT index from year to year, the Feyrer analyses examined 
changes from the FMWT index to the STNS index (from adult to juvenile abundance). As a 
result, "This time step may therefore just be too long to track the population-level effects of fall 
habitat conditions -especially since the concurrent habitat influence on each year's FMWT 
index is already encompassed in the indices themselves." (FWS 2012: 269). In the draft BiOp, 
the Service repeated the analysis in Feyrer 2007, using updated FMWT and TNS data and using 
average X2 values instead of specific conductance; the draft BiOp finds that: 

The linear regression showed that fall relative abundance is a highly significant 
predictor of the next generation's relative abundance (logTNS = 

0.742*logFMWT -1.34; r2 = 0.65; P < 0.000001; A!Cc = 16.21). Then, were
ran the linear regression including fall X2 as a covariate. Consistent with Feyrer 
et al. (2007), the analysis indicated that both fall relative abundance and fall X2 
were significant predictors of the relative abundance ofjuveniles the next summer 
(logTNS = 0. 703*logFMWT- 0.0252*X2 + 0.872; P < 0.000001; A!Cc = 14.20). 
Note that the A!Cc for the stock-recruit model including fall X2 is two units lower 
than the model without it, suggesting the regression model that includes X2 
provides a better fit to the data (Burnham and Anderson 1998 as cited by 
Maunder and Deriso 2011). [p. 270] 

The draft biological opinion concludes that these analyses support a population-level effect of 
fall outflow conditions, but acknowledge that the full life cycle models do not show such an 
effect. (FWS 2012:271). 

6 The life cycle model prepared by Maunder & Deriso (2011) is also discussed in the draft biological opinion. The 
published life cycle model did not include Fall X2 as a covariate to analyze. 
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C. New Scientific Information From the Fall X2 Adaptive 
Management Plan Monitoring and Studies on the Effects of Fall 
Outflow on Delta Smelt and Lower Trophic Levels 

SUMMARY: Preliminary results from 2011 Fall X2 Action Suggest the Action Contributed 
to Reduced Corbula Grazing Pressure, Increased Phytoplankton and Zooplankton 
Abundance, and Increased Delta Smelt Growth and Abundance 

R.Baxter, G. Oa~till9, L Conrad, s.~ Cclbe~son,G. Eticks<>n, F. Feyrer, S. Fong, K~ 
"'"""""'"u"J' ... "'' R.Herboltl, l Kirsch, A. Mueller-So1ger, S .. Slater, T. ~hmmer~ K.So1Lza; 

2012 .. Synthesis in the Fall :tow Salinity Zone of the S!in 
i:Sel>telllUjer :-:--·December 201 at 

N{e<~Iatn:atllOn, 20ll .. DraftP11in:,AdaptiveMaQ.agement ofF ail Outijow fbr"Delta 
Available .. at: 

[Thornpson,J .7 K. Gelms, F. Paxcl:niso,. and H. Fuller. 2012. Going with ihe flow: the 
distr1bution,bifur1~ss and grazi~g rate afFotamocorliuiaand C?rbieula withv~~ingfreshwater 
flow ~~y ~({October 2009-2011). Progress Report to U.S. Bureau of Reclamation, 
Sacratr\ent0, CA.] 

[Teh, ~- :2012. F~ll.~ fish health ~tudy: contrast's inh~alth i~dices, groWth and reproductive 
fitness of delta smelt and othetpelagi~ fishes re'atingill the lowsalip.ity zone and Cache Slough 
reg~on;s~ :rog:ress Repprt to Ep.viro:nm<mtal Restoration Program; California Department of.F!sh 
a~d Gam~. S:acraJl'\etntofr CA.] 

[Baxt~r, R,. and S. Slater. Z012. Delta Sm~lt bistribut~o~ & Diet F'all20ll. Pr~sentationto the 
Delta. Science Program independent ~cientific .peer review of the Low SQ,linity Zone 
~FLASll) and Ptah :Review. at: 

Calendar year 2011 was classified as a wet water year type, triggering the Fall X2 action and the 
associated scientific monitoring and adaptive management program (Brown 2012). The adaptive 
management plan for the Fall X2 Action in 2011 included specific monitoring programs and 
scientific studies, and included testable hypothesis and predictions. Although the Fall X2 Action 
was not fully implemented due to court injunctions, on average in 2011 X2 was located at 75 km 
for the months of September and October (Brown et al2012). This resulted in X2 locations that 
are substantially different from the most recent previous wet year of2006 (82 km) or 2010 (85 
km) (Brown 2012). 

7 This draft report was publicly released as part of the Delta Science Program's independent scientific peer review of 
the Fall Low Salinity Zone (FLASH) Studies and Adaptive Management Plan Review. The document has not been 
finalized, and all conclusions therein are preliminary and subject to revision. 
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The analysis of monitoring and studies associated with the Fall X2 Action in 2011 continues, and 
similar scientific studies and monitoring programs will be implemented in 2012, when no Fall X2 

Action will occur. The preliminary results from monitoring and scientific studies of the 2011 Fall 
X2 Action required under the adaptive management plan are discussed below. In addition, 
Figure 11 on page 32 (reprinted from Brown 2012) provides a preliminary assessment of the Fall 
X2 Action measured against the testable hypotheses identified in the adaptive management plan. 

1. Effects of Fall Outflow on Delta Smelt Abundance-
The 2011 adaptive management plan warned that, "Delta smelt are rare, and a simple 
calculation reveals that we cannot expect to detect an abundance difference in the FMT after a 
single year of flow augmentation unless the abundance difference is very large." (USBR 
2011:18). The adaptive management plan predicted that implementation of the Fall X2 Action at 
7 4 km in 2011 would result in the fall abundance of Delta smelt reversing its declining trend. 
(USBR 2011). This prediction was more than met (Brown 2012; see Figure 7). According to the 
California Department ofFish and Game, the Fall Midwater Trawl Index of Delta smelt, a 
measure of abundance of delta smelt, was at its highest levels since 2001 and this "improvement 
is likely due in large part to higher than usual Delta outflow which resulted in more and better 
habitat." (CDFG, 2011). 

In addition, the adaptive management plan examined the relationship between the FMWT and 
the TNS survey, as an indicator of delta smelt present in the summer surviving into the fall. The 
plan hypothesized that the ratio of FMWT population index to TNS population index would be 
higher in years when X2 is at 74 km, like 2011 (Brown 2012:36-37, 60-61 ). The report 
concludes that: 

This ratio was well above the median in 2011; however, this may be at least 
partially the result of favorable summer conditions and resulting high survival 
rather than only favorable fall conditions and survival. The ratio of TNS to the 
FMWT of the previous year (Fig. 47) can be used as an indicator of successful 
recruitment ofjuveniles from the maturing adults sampled by the FMWT This 
suggests that the increase in FMWTpopulation index in 2011 resulted from a 
combination of favorable factors in the winter, spring, and summer preceding the 
fall. The data suggests that survival in the fall and preceding summer months was 
likely higher than other years, supporting the prediction for survival (Table 1) [p. 
61]. 

2. Effects of Fall Outflow on Abundance and Filtration Rates of Invasive Clam species 
(Corbula and Corbicula) 

One hypothesis to explain why the Fall X2 action should benefit Delta smelt is that it limits 
grazing pressure of invasive clams ( Corbula) on phytoplankton abundance, thus contributing to 
more productive food webs for delta smelt. The adaptive management plan predicted that 
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corbula8 biomass in the LSZ would be higher at X2=85 (2010) and lower at X2=75 (2011). 
Brown (2012) concludes that this prediction was met: 

Based on biomass, Potamocorbula were less abundant in Grizzly/Honker Bay and 
western Suisun Marsh during October 2011 compared to 2009 and 2010 (Fig. 
43), supporting the prediction (Table 1). These differences were even more 
apparent in the turnover rate which normalizes the Potamocorbula grazing rates 
to the depth of the water column (Fig. 44). [pp. 57-58]. 

More directly, the progress report submitted by the principal investigators to the Bureau of 
Reclamation for this study concludes that: 

"Relative to the previous two dry years, the biomass of bivalves was decreased in 
the shallow portions of Grizzly and Honker Bays and in Western Suisun Marsh 
(including Montezuma and Suisun Slough) in 2011. The reduction in biomass was 
sufficient to limit the potential for bivalves to control phytoplankton biomass 
accumulation in fall." [Thompson 2012:1]. 

Thompson found that there was a statistically significant difference in biomass and grazing rate 
in the Grizzly/Honker Bay shallows and the Western Suisun March in 2011 as compared to 2010 
and 2009. As the authors noted: 

"The location of these decreased grazing rates is important as we might expect 
pelagic primary producers to do best in the shallows of Grizzly and Honker Bays 
and we might expect that marsh production would have a better chance of 
reaching other consumers when the bivalve grazers were greatly reduced as seen 
in 2011." [p. 5] 

The principal investigators hypothesized that, "the increasing salinity in fall that began in 1999 
allows fall larvae to settle further upstream," in "traditionally lower salinity areas," (Thompson 
et al. 2012:2-3). Once established in these areas, the authors hypothesize that the bivalves are 
more resistant to winter spring outflow and this results in higher grazing rates in the following 
spring. The authors found that, "the fall grazing rates were sufficient to potentially limit 
phytoplankton biomass accumulation in 2009-2010 but not in 2011." (Thompson 2012:6). 

The authors conclude that, "the reduction in bivalve biomass and therefore grazing in 2011 
could be due to recruitment losses in spring or fall and our ongoing work with the monitoring 
station samples should help delineate the cause," (Thompson 2012:6). However, the report also 
documents that Potamocorbula biomass was very high in the fall of 2006, despite the very wet 
spring that year. Further monitoring and studies are underway, including monitoring in 2012, to 
better identify the specific mechanism. 

8 Thompson 2012 identifies the species as Potamocorbula, whereas Brown 2012 identifies 
them as corbula. 
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3. Effects of Fall Outflow on Phytoplankton Abundance 
The adaptive management plan predicted that average phytoplankton biomass in the LSZ 
(excluding Microcystis) would be higher at X2 is at 74 km, and measured concentrations of 
chlorophyll-a (a common surrogate for phytoplankton biomass) to test this hypothesis (Brown et 
al2012). Although some monitoring suggested that the hypothesis was not met, the USGS data 
supported the hypothesis, and the draft report concluded: 

Chlorophyll-a concentrations were highest in the LSZ during Sep-Oct compared 
to all the other years compared, with concentrations lowest in 2005 and 2006. 
Concentrations were greatest in Sep-Oct 2011 compared to other years across all 
salinity regions. High concentrations continued in the LSZ in Nov-Dec. In the 
other salinity regions, concentrations were more comparable across years. 
Although the EMP and USGS data are somewhat in conflict, we provisionally 
suggest that the prediction of higher phytoplankton biomass at low x2 is 
supported, but the other part of the prediction at higher X2s is uncertain. We give 
greater weight to the USGS data because of its slightly greater spatial coverage 
and observations made by experienced researchers during the EMP and USGS 
cruises. [Brown et al. 2012:53]. 

In addition, investigators observed a significant phytoplankton bloom of long chained diatoms 
was observed in the fall of2011, which had not occurred in recent years. 

4. Effects of Fall Outflow on Delta Smelt Health and Growth Rates -
The majority of Delta smelt were caught in the low salinity zone in the fall, with a few fish 
caught in the Cache Slough area (Teh 2012; Baxter 2012). In general, analysis of Delta smelt 
health and condition showed they were generally in good condition, but there were not sufficient 
baseline data to compare with 2011 results (Teh 2012). In addition, the study found that: 

"Otolith growth rates revealed that fish during the fall of2011 were growing at a 
high rate, highest since 2000, however we did not observe a difference in growth 
among different habitats." [Teh 2012:3]. 

Additional studies of otolith growth rates are ongoing. 

5. Effects of Fall Outflow on Zooplankton Abundance 
DFG compared the results of zooplankton sampling in 2011 with earlier years. The results show 
that adult copepod densities (catch per unit effort, or CPUE) was generally higher in 2011 than in 
2010,2006, or 2005 for P.forbesi and A. sinesis, both in the low salinity zone and in freshwater. 
(Baxter 2012). Adult mysid densities were substantially higher in the low salinity zone in 2011 
than in those prior years, whereas in freshwater mysid abundance was lower in 2011 in some 
months. (Baxter 2012) Brown 2012 found that, "The prediction was that calanoid copepod 
biomass would be greater in the LSZ with low X 2 and the data did show that trend; however, 
given the high uncertainty in the data, a definite conclusion is not warranted." (p. 55). 
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III. LIMITATIONS ON THE USE OF THE BDCP EFFECTS ANALYSIS IN 
REVISING THE BAY-DELTA WATER QUALITY CONTROL PLAN 

The State Board properly concluded that its 2010 Flow Criteria Report was based on the best 
available science. As detailed in this written submission, subsequent scientific reports and 
publications since 2010 overwhelmingly support the Board's conclusion. In contrast, as we 
noted above in the context of the hypothesis that physical habitat restoration can offset further 
flow reductions, both independent peer reviewers and state and federal fish and wildlife trustee 
agencies have repeatedly concluded that the Bay Delta Conservation Plan Effects Analysis fails 
to use the best available science. Because of its deeply flawed analytical approach, the Board 
should not rely on BDCP' s effects analysis in this proceeding. In addition, the Board should 
consider independent scientific peer reviews of future iterations of the BDCP effects analysis (or 
require such review if it has not occurred) before relying on BDCP's scientific conclusions. 

rNational Research CounciL2Gt I, A Review o;rthe Use .ofSd:ence and A(}aptive Man.agement 
in Callfomia's~Yraft Bay J:)elta Co~serv:ation Plan.. The N~tiottal Academies Press. Washington, 
D~. Available at: .http :f:/www.nap.edu/catalog.php ?record. id= 13148] 

In 2011, the National Research Council (NRC 2011) reviewed the November 18,2011 working 
draft chapters of the BDCP, and found critical gaps in the BDCP. The panel was not provided 
with the draft effects analysis. The NRC panel noted that the draft document: 

" ... creates the impression that the entire effort is little more than a post-hoc 
rationalization of a previously selected group of facilities, including an isolated 
[water] conveyance facility, and other measures for achieving goals and 
objectives that are not clearly specified." [NRC 2011:43]. 

This independent review specifically commended the use ofDRERIP conceptual models (such 
as Rosenfield 2010, described above), the IEP POD conceptual framework, specific goals and 
objectives, and the independent science advisor's adaptive management framework (which 
clearly identified uncertainties). The review concluded that, "It is nearly impossible to evaluate 
the BDCP without a clear specification of the volume(s) of water to be diverted, whose negative 
impacts the BDCP is intended to mitigate." [p. 4]. 

[RedFJ:ag memostcited above)]: The Department ofFish and Game, U.S. Fish and Wildlife 
Service, and National Marine Fisheries Service identified substantial methodological flaws, 
stating that the Effects Analysis has a tendency to "overstate Plan benefits", "turn the notion of 
uncertainty upside down," made unjustified conclusions, relies on "combat science," "deals with 
the critical concept of uncertainty inconsistently and does not effectively integrate, use, and 
report uncertainty in the Net Effects," uses inadequate conceptual models, "underemphasizes 
Bay-Delta water flows as a system-wide driver of ecosystem services to the San Francisco 
Estuary," relies on selective use of data and models, ignores the best available models for 
splittail and longfin smelt, and "continues to insist on an analytical approach to entrainment that 
does not reflect the best available science." [See esp. pp. 1-2, 5, 8-10, 11-12, 15-17] 
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In particular, the agencies identified substantial flaws with the analysis of changes in spring 
outflow on longfin smelt, changes in fall outflow on delta smelt, and the analysis of impacts to 
the low salinity zone, with FWS concluding that: 

"In summary, the current Effects Analysis does not appropriately deal with 
critical issues involving the role of the Low Salinity Zone as habitat for longfin 
smelt, delta smelt, and splittail. Until it addresses the right questions regarding 
flow, LSZ location, and turbidity, we are reluctant to rely on its conclusions." 
[Red Flags 2012: 13-14; see also pp. 5-7, 12, 16] 

In June 2012 an independent peer review panel convened by the Delta Science Program issued 
its report reviewing the BDCP's draft effects analysis. The report states that: 

... the Panel universally believes Chapter 5: Effects Analysis fails to achieve the 
fully integrated assessment that is needed to draw conclusions about such a 
momentous Plan. By missing or obscuring key concepts and specifics, it falls 
short of presenting an analytical framework for a compelling and rigorous 
analysis of whether and how the BDCP would achieve its biological and other 
objectives. [p. 4]. 

The review panel concluded that, "As it is currently written, the Effects Analysis is too 
inconsistent in its treatment of how effects are analyzed across listed species and the potential 
costs and benefits of the planned BDCP activities are too uncertain to provide an objective 
assessment of the BDCP on covered species," (p. 5). The panel also found that: 

- The effects analysis failed to adequately incorporate biological goals and objectives; 
- The net effects assessment "needs greater objectivity," "are substantially misleading," 

and should be subject to independent peer review; 
- The effects analysis ignores potential negative impacts ofhabitat restoration and other 

conservation measures; 
- The effects analysis fails to address uncertainty systematically; and, 
- The analysis of food resource availability and the effects of habitat restoration "is grossly 

incomplete and overly simplistic" [see esp. Parker 201:13-15,21-25,26-29, 34-36] 
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Question 2. How should the State Water Board address scientific uncertainty and changing 
circumstances, including climate change, invasive species and other issues? Specifically, 
what kind of adaptive management and collaboration (short, medium, and long-term), 
monitoring, and special studies programs should the State Water Board consider related to 
ecosystem changes and the low salinity zone as part of this update to the Bay-Delta Plan? 

Response to Question 2: Recommendations to Address Scientific Uncertainty and 
Changing Circumstances 

The basic questions to be addressed by adaptive management are: (1) how will the Delta 
ecosystem respond to implementation of the Bay-Delta Plan? and, (2) how should the Plan be 
modified as new information becomes available and/or new circumstances alter ecosystem 
conditions? These questions cannot be adequately answered until the Board has clearly defined 
desired ecosystem conditions and instituted a framework for designing, implementing, and 
modifying Bay-Delta Plan objectives over time to best achieve the desired response. 

The foundation of that adaptive management framework is in the identification of biological 
outcomes for fish and wildlife species strongly influenced by flow and water quality parameters 
and bio-physical outcomes for the ecosystem as a whole. These outcomes (referred to here as 
"targets", but generally in other fora as "objectives") are defined such that they are specific, 
measureable, achievable, relevant to the particular goals that characterize the plan's overarching 
purpose (protecting the public trust values and beneficial uses of the Delta ecosystem) and time
bound (S.M.A.R.T.)- this level of specificity and detail being necessary for orienting, enforcing, 
measuring and evaluating progress of, and calibrating the adaptive management effort. The 
framework is completed by ensuring that information relevant to evaluating the Plan's 
performance is collected and evaluated, and future actions (ranging from accelerated review to 
large-scale modifications) and the conditions that trigger those actions are established as part of 
the program of implementation. In other words, adaptive management requires management 
targets (desired outcomes), a method of evaluating progress towards those targets (monitoring 
and data evaluation), and specific decision pathways that describe how, when, and under what 
circumstances new information is used to modify the implementation of the Plan. Recent insights 
into the impact of global climate change on the Bay-Delta ecosystem and its watershed (Null, 
S.E. and J.H. Viers 2012) emphasize the need for the Board to clearly articulate S.M.A.R.T. 
management targets and adaptive management decision-pathways in advance as this will 
establish the basis for recognizing when corrective action is required and how those corrective 
actions will be determined. 

I. A LOGIC CHAIN ARCHITECTURE FOR PLANNING 

RESTORATION OF PUBLIC TRUST VALUES IN THE BAY DELTA 

We propose using what we have termed a "Logic Chain" decision architecture for revising the 
Bay-Delta Plan and adaptively managing its implementation and subsequent modification. By 
posing a series of increasingly specific questions, the Logic Chain forces articulation of a Plan's 
desired outcomes, proposed actions to achieve those outcomes, and expected results of those 
actions. These questions are described in the attached "Logic Chain User's Guide" (Appendix 
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A), modified here from that which we developed for the Bay Delta Conservation Plan (BDCP). 
The orientation of different elements of the Logic Chain is displayed in the attached "Logic 
Chain Architecture" diagrams (Appendix A). 

To apply the Logic Chain approach to revising the Plan, the Board must first identify in broad 
terms what the Plan is intended to accomplish in protecting public trust values and beneficial 
uses (i.e., 'Goals"). These should be short declarative statements that describe outcomes of a 
successful plan; there may be numerous different plan goals (e.g. at least one for each species or 
ecosystem characteristic of interest). Each Goal is associated with a S.M.A.R.T. (specific, 
measureable, achievable, relevant (to the goal), and time-bound) target (or "objective" in non
Clean Water Act usage) that describes unambiguously what attainment of the goal looks like. 

A. GOALS AND SMART TARGETS 

Goals and SMART targets are policy decisions informed by the best available science. Policy 
makers have set statutory and legal thresholds for restoration and recovery of native species, 
natural communities, and other public trust ecosystem values through enactment of the state and 
federal Clean Water Acts (CWA), state and federal Endangered Species Acts (CESA, ESA), the 
Central Valley Project Improvement Act (CVPIA), the California Natural Communities Planning 
Act (NCPA), and other laws. In implementing these legal mandates, the fish and wildlife trustee 
agencies have, in many cases, promulgated goals and targets related to achieving restoration and 
recovery thresholds. For example, NMFS and USFWS have developed draft recovery standards 
for Central Valley salmonids (NMFS 2009) and native pelagic species (FWS 1995). Further 
description of restoration targets for anadromous fish species are contained in the CVPIA 's 
Anadromous Fish Restoration Program (AFRP) and products developed from implementation of 
the San Joaquin Settlement Act (USBR 2011 ). Furthermore, in adopting the flow criteria in the 
2010 report the Board linked those criteria to the likely occurrence of specific desired outcomes 
for public trust resources. TBI et al (2010, exhibits 1-4) and CDFG (2010), in particular, 
provided the Board with detailed information regarding the population viability attributes of 
native estuarine species that are most strongly affected by flow conditions, and identified 
thresholds for viable populations that can and should be used to guide the setting of flow-related 
objectives in the Plan. These sources provide a surfeit of material from which the Board can 
develop its own set of goals and SMART targets calibrated to achieving its responsibilities under 
the Clean Water Act and the public trust and we incorporate them fully by reference.9 

As we defined the term in our previous testimony (TBI et al. 2010, exhibits 1-4), "viability" 
means the maintenance of acceptable levels or conditions of four different biological 
characteristics that relate to the persistence of populations and estuarine ecosystems: 

- Abundance 
Spatial distribution 

- Diversity and 
- Productivity 

9 We understand the Board's interest in having previous testimony cited referenced very specifically (by page, 
paragraph, etc.); however, given the volume of relevant infonnation in TBI et al. (2010, exhibits 1-4) and CDFG 
(2010), such specific references would be inefficient and burdensome to the reader. 
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These terms were further defined by the National Marine Fisheries Service for "viable salmonid 
populations" (McElhany et al. 2000; Lindley et al 2007) and they are widely accepted as the 
relevant characteristics for gauging population viability in the field of conservation biology (e.g. 
Meffe and Carrol 1994 ). 

Viable populations exhibit levels of each of these four characteristics that protect them from 
extirpation. The level of each of these attributes that represents protection of public trust values 
may equal or exceed those required to maintain viability, but the public trust cannot be 
maintained at values of these population attributes that represent non-viability of important 
species. Brief descriptions of the four viability attributes follow: 

1. Abundance Targets 
The number of organisms in a population is a common and obvious species conservation metric. 
More abundant populations are less vulnerable to environmental or human disturbances and risk 
of extinction and reflect a higher level of protection of public trust values. Populations or species 
with low abundance are less viable and at higher risk of extinction than large populations for 
reasons that include environmental variation, demographic stochasticity, genetic processes, and 
ecological interactions. Abundance is also correlated with and contributes to other viability 
characteristics including spatial extent, diversity, and productivity. Sufficient population 
abundance is necessary, but not sufficient alone, to guarantee viability into the future. 

Example: In our 2010 testimony (TBI et al. exhibit #2), we suggested the Board adopt an 
abundance target for longfin smelt recommended by the US Fish and Wildlife Service in its draft 
Delta Native Fishes Recovery Plan (FWS 1995). That draft recovery plan indicated that longfin 
smelt would be considered recovered (with respect to abundance) when: 

... its population dynamics and distribution pattern within the estuary are similar 
to those that existed in the 1967-1984 period. This period was chosen because it 
includes the earliest continuous data on longfzn smelt abundances and was a 
period in which populations stayed reasonably high in most years ... [p. 56]. 

As discussed elsewhere in this submission and our previous testimony (TBI et al. 2010, Exhibit 
#2), longfin smelt population abundance is strongly correlated with Delta outflow; thus, 
population abundance targets can and should be scaled to prevailing annual hydrology. Unless 
the abundance target is corrected for hydrology, it may not be achievable during very dry periods 
and may not be relevant to the restoration goal during very wet periods (when attainment of the 
1967-1984 average population could represent underperformance). We suggest that the 
abundance target for longfin smelt be defined as equaling the abundance relative to unimpaired 
hydrology seen during the 1967-1984 period and that the Board aim for attainment of this target 
within 6 years of implementation of any new water quality standards. 

Note that this target does not suggest that actual Delta outflow approach unimpaired Delta 
outflow, only that abundance in the future equal or exceed that which occurred under similar 
hydrological conditions in the 1967-1984 period. Such an approach to a longfin smelt 
abundance target has the advantage of remaining agnostic on what actions (flow or other) are 
taken to achieve the target - if habitat restorations or modification of water diversion structures 
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or operations are successful, then it is possible that less actual Delta outflow will be needed to 
achieve abundances documented in similar hydrological conditions in the past. 

2. Spatial Distribution Targets 
More widely distributed populations are less vulnerable to catastrophic events and risk of 
extinction (e.g., MacArthur and Wilson 1967; Meffe and Carrol1994; Laurance et al. 2002). 
Therefore, maintaining or restoring spatial distribution of fish and wildlife species is a critical 
component of protecting these species and maintaining the public trust. Increased spatial 
distribution reduces susceptibility to localized catastrophes, predator aggregations, and disease 
outbreaks while simultaneously increasing the probability that at least some dispersing 
individuals will encounter habitat patches with favorable environmental conditions. The effect of 
geographic distribution on extinction risk is also apparent in the geographic attributes of extant 
freshwater fish species (Rosenfield 2002). The need to maintain adequate spatial distribution is 
regularly acknowledged in regulatory planning and decision-making regarding the Delta and its 
environs (e.g. FWS 1995; NMFS 2009). 

Example: Delta smelt spend much or all of their life in the Delta's Low Salinity Zone. The size 
and geographic extent of this important habitat determines, to a large extent, the boundaries of 
the Delta smelt population during key parts of their life cycle. If at certain times of year, the 
LSZ is confined to a small geographic area (as when it is located to the east of Chipps Island 
where it is confined to narrow River Channels), then all or most of the Delta smelt in the world 
are also located in one area- all of their eggs are in a very small basket such that a catastrophic 
chemical spill (e.g. the Cantara Loop spill), disease outbreak (e.g. the Klamath salmon kill), 
predator aggregation, or entrainment event could eliminate the entire population very quickly. 
This is part of the rationale behind recommendations (ours and those in the FWS 2008 biological 
opinion) to expand habitat in the fall (e.g. the Fall X2 action). The Board should describe, based 
on the best available science and linked to attributes of viability for key species, the desired 
spatial extent during relevant seasons and year types and then mandate that these spatial extent 
targets be met immediately upon promulgation of a new WQCP. 

3. Diversity Targets 
Species and populations that are both more genetically diverse and more diverse in life history 
patterns are more resilient to environmental change and less at risk of extinction. Natural 
diversity needs to be protected both within populations of native species in the Bay-Delta and in 
the habitats and processes of the ecosystem as a whole. Natural diversity (e.g. life history 
patterns) allows organisms to adapt to and benefit from environmental variability. This is an 
especially important characteristic in highly variable ecosystems such as the Delta. Flow criteria 
should also address the natural diversity of natural communities through specific targets for 
seasonality, frequency, and duration of freshwater Delta outflows. Variability among individuals 
in a population increases the likelihood that at least some members of the population will survive 
and reproduce regardless of natural variability in the environment. 

Life history diversity provides the protection for species in time that spatial distribution provides 
in space - the risk and rewards are distributed across the population. The historic variability in 
the timing of the Delta's peak flows (e.g. Kimmerer 2004; Enright and Culberson 2010) is 
reflected in the life history of the Delta's native species; Delta smelt and longfin smelt display 
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protracted spawning periods in this ecosystem, for example (Nobriga and Herbold 2010; 
Rosenfield 2010). The success of these different life history timings depended on the availability 
of resources (e.g. food, spawning conditions) in the next, unpredictable phase of the life cycle. 
By restricting "beneficial" flow periods to short time windows (e.g. VAMP), policy makers 
attempt to make native species' life histories uniform and predictable. But, if individual success 
still depends on future conditions that are unpredictable, then such artificial and rigid constraints 
on life history transformations that are triggered by flow may eventually lead to an entire 
population missing its "window of opportunity". Flow variability (frequency variation in 
magnitude, seasonality, and duration) within the Delta is a natural part of the ecosystem and flow 
criteria should insure both the maintenance of appropriate variability and the maintenance of the 
life history diversity that allows public trust resources to adjust to and thrive within that 
variability regime. 

Example: The natural (historical) breadth of life history timing are known for several species 
that depend on the low salinity zone are well-documented. Just as the size and extent of the LSZ 
will be governed by the WQCP, the Board should ensure that the size and location of this critical 
habitat is maintained the approximate duration reflected in historical patterns of key species. In 
order for the target to be S.M.A.R.T., the Board will need to establish target dates for attainment 
of the desired duration of specific low salinity zone conditions. 

Allowing for sufficient time for expression of life history diversity within populations will be 
absolutely essential as these organisms (and the Board) grapple with the changing seasonality of 
resource availability that is expected under global climate change scenarios. It is important to 
note here that the Board's formulation of flow criteria in its 2010 report based on a percentage of 
unimpaired as a multi-day running average, would by its nature tend to preserve the seasonality 
of peak flow events and flow troughs. Under this formulation, both the specific percentage of 
unimpaired flow and the averaging period for that flow that the Board requires will determine 
both the magnitude of peak flows and their duration. 

4. Productivity Targets 
A population's potential for population growth allows it to adjust to variable conditions in a 
dynamic estuary. The abundance, distribution and diversity of public trust resources cannot be 
adequately protected if human activities result in environmental conditions that regularly or 
chronically result in negative population growth (i.e., population decline), reduce the ability of 
depressed populations to recover, and/or cause the abundance, spatial extent, or diversity to 
fluctuate wildly. Species or populations with persistent negative population growth, as well as 
populations with limited ability to respond positively to favorable environmental conditions, are 
less viable and at higher risk of extinction. In general, extraordinary population variability 
increases the risk of extirpation (May 1971) and should be avoided (e.g., Thomas 1990). Rapid 
and large declines in species abundance produce "genetic bottlenecks" that may constrain 
viability of a species for many generations even after abundance has recovered. Similarly, 
actions that impede a small population's natural ability to capitalize on the return of beneficial 
environmental conditions (e.g. loss of unoccupied habitat, decreased reproductive potential, 
mortality inversely proportional to population size) represent significant challenges to that 
population's viability. 
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Example: As described above, current water management practices in the Central Valley result 
in (a) disproportionate impact to winter-spring Delta outflow and the Low Salinity Zone habitat 
when natural (unimpaired) hydrological conditions are dry (Figure 2) and (b) an extremely high 
frequency of naturally rare and devastating (super-critical) actual Delta outflow conditions 
(Figure 3 ). The frequency of extreme drought conditions and the truncation of the other, wetter 
end of the flow spectrum persistently reduce population and overall ecosystem productivity in 
the Bay-Delta- simply, the system is heavily impacted frequently and not allowed to recover 
when conditions would otherwise allow for recovery. The Board can improve ecosystem and 
population productivity of LSZ-dependent species by setting minimum flow frequency 
thresholds (e.g. super-critical years can occur at a maximum of 1 in 20 years and wet years must 
occur at least 3 of every 4 years in which hydrological conditions permit) and by insuring that 
water development impacts are more equitably distributed across water year types - we note that 
the Board's formulation of flow criteria in its 2010 report based on a percentage of unimpaired as 
a multi-day nmning average, would standardize the proportional effect of water development 
regardless of hydrological condition. Targets for restored productivity are necessarily defined as 
acceptable return frequencies for different conditions; the Board can and should establish a time
bound for attainment of these ecosystem productivity targets that allows for detection of natural 
patterns and deviations from those natural patterns (e.g. non-attainment). 

B. STRESSORS AND STRESSOR REDUCTION 

Stressors are those forces that are believed to inhibit attainment of the Plan's goals and SMART 
targets. Uncertainty may manifest in different views regarding which forces limit recovery of 
public trust values or the relative strength of different stressors. One benefit of the Logic Chain 
Architecture is that it does not require an a priori ranking of different stressors; multiple stressors 
can be processed simultaneously. Instead, assumed stressors are treated as hypotheses about 
what limits attainment of goals and objectives so that stressor reduction targets (the next level of 
the Logic Chain) can be written in the following form: 

"lf[stressor x] is limiting attainment of[target y], then we can attain the target by 
reducing [stressor x] by_ [insert specific, measureable reduction] by_ 
[insert date]" 

Examples of stressors that might be relevant to restoration of public trust values and beneficial 
uses of the Delta ecosystem include (but are not limited to): 

- limited low salinity zone rearing "habitat" (characteristics of which would be specifically 
defined) 
inadequate transport/retention of larval fish (or food/nutrients) 
inadequate flushing of pollutants (toxins or nutrients) 
inadequate access/attraction to/from tributary habitats 
impaired migration due to physico-chemical blockages 
inadequate food production 

Technical experts should be surveyed to determine whether the stressor reduction threshold is 
sufficient to produce measureable progress towards the related SMART target ![(assuming) the 
stressor is actually operative. 
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Note that, during completion of the upper parts of the Logic Chain (description of goals, targets, 
stressors, and stressor reduction thresholds), it is undesirable to imply that a problem will or must 
be solved through a particular course of action; that is, we should not confuse the purpose of a 
plan (its goals and targets) with the means employed to attain those ends. 

C. ACTIONS (FLOW OBJECTIVES) 

Actions describe the measures that will be taken to reduce stressors and thus attain the SMART 
stressor reduction targets. Measures to reduce stressors should be implemented commensurate 
with ( 1) the magnitude of the action's effect, (2) the degree of scientific certainty regarding the 
action's effect and our ability to alleviate the stressor, (3) the speed with which remedies can be 
implemented, and ( 4) our ability to increase certainty and/or performance of the conservation 
strategy (i.e. our ability to learn from the action). Effort and resources expended addressing a 
stressor should also be inversely proportional to the risk of unintended and irreversible 
consequences from taking action. Actions to improve freshwater flow conditions in the Delta rate 
highly in each of these decision criteria because they are relatively certain to alleviate multiple 
stressors on multiple species, they can be implemented rapidly, and they are easy to modify (or 
undo) as we learn more and/or conditions change. 

Implementing flow-related objectives is the main action that the Board will take in revising the 
Bay-Delta Plan to help ameliorate stressors (meet stressor reduction thresholds) in order to 
achieve ecosystem-wide goals and targets. More than one action may be required to fully address 
a particular stressor and individual actions may affect more than one stressor. The Board can and 
should describe the expected outcomes of each objective it promulgates -how much is each 
action expected to achieve (magnitude)? And how certain are we that the desired effect will be 
realized? Identification of the magnitude and certainty of an action's expected outcomes should 
not imply that the Board will only take actions with a high impact and high degree of certainty 
(although these are obviously preferred); rather, identifying the magnitude and certainty of 
outcomes for each action allows the Board to assess the potential for a suite of actions to attain 
sufficient stressor reduction and attainment of plan goals and targets. If numerous actions have 
relatively low certainty of producing positive impacts, then we would clearly want to identify 
additional measures that can "take up the slack" if expectations for one or more measures are not 
met. 

II. The Logic Chain's Role in Adaptive Management 

By clearly describing the Bay-Delta Plan's goals and targets with respect to desired outcomes for 
public trust values and beneficial uses of the Delta ecosystem and by articulating the pathways 
by which those outcomes will be attained, completion of the Logic Chain lays the groundwork 
for effective and transparent adaptive management of flow standards in the future. Well
articulated desired outcomes for biological and physical conditions of the future (S.M.A.R.T. 
targets) serve as beacons for management action; for instance, a management response is clearly 
required whenever targets are not attained by their specific time-frame. Thus, simply by defining 
relevant achievable targets in a specific and time-bound manner, the Board begins to define a 
decision pathway for adaptive management of the Plan. Similarly, the Logic Chain architecture 
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forces planners to identify the key assumptions (which stressors are being addressed? how much 
do they need to be reduced to achieve the objective?) and uncertainties (will this action 
contribute more or less than expected to reducing its associated stressor? will it generate 
unforeseen negative outcomes?) that then become the focus of adaptive management monitoring 
and targeted research as detailed in the Plan's program of implementation. 

Obviously, the nature of the performance monitoring and evaluation regime is critical to the 
success of the adaptive management framework we have described. At a minimum, in the 
program of implementation the Board should require implementation of monitoring and research 
activities equivalent to those in the existing monitoring and research program identified in the 
2011 fall outflow adaptive management plan, with monitoring implemented in all water year 

types, as modified to ensure adequate evaluation of attainment of biocriteria and other SMART 
targets. The monitoring results and adaptive management decisions (implementation of decision 
tree framework) should be subject to independent peer review, and the results of the monitoring 
and adaptive management plan should be synthesized and peer reviewed every three to five 
years. At each subsequent review of this Bay Delta Plan, the Board should review the synthesis 

of results and peer review to consider changes to the Plan to better attain SMART targets and 
protect beneficial uses and the Public Trust. 
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THE LOGIC CHAIN: TERMS AND APPLICATIONS 

A User's Guide for the Bay-Delta Plan Update 

BACKGROUND AND NEED 

The San Francisco Bay-Delta and its watershed are home to numerous imperiled species, 
including (but not limited to) those that are officially protected by the federal or state 
Endangered Species Acts. The watershed is also the source for much of California's agricultural, 
municipal, and industrial water supply. Planning efforts to reconcile these two, often competing, 
demands are underway (e.g. BDCP, DSP, WQCP). 

The process of developing and implementing a plan that would allocate sufficient water to meet 
these different needs is extremely complex. Restoration planning is complicated by the number 
and diversity of imperiled and/or recreationally/commercially valuable species, the physical 
complexity of the Delta, and uncertainty about the nature and strength of cause-effect 
relationships operating in this ecosystem. Furthermore, the ecosystem is changing in ways that 
are relatively well understood (e.g. sea level rise), incompletely understood (e.g. pelagic 
organism decline), and those that are unknown. 

The Logic Chain architecture is designed to (1) standardize terminology used in the planning 
process, (2) increase clarity and specificity regarding expected outcomes of plan implementation 
(e.g. to allow evaluation of a conservation plan prior to its implementation), and (3) develop the 
inputs that will be necessary for adaptively managing plan implementation as efficacy of the plan 
is evaluated and actions are adjusted accordingly. This document serves to describe and define 
tiers of the Logic Chain so there is a shared understanding of its terms, the questions underlying 
different components of the architecture, and expectations of a comprehensive plan description. 

The Logic Chain articulates a pathway from a plan's Goals and Targets, to the specific actions 
designed to achieve those aspirations, to the monitoring, research, and metrics that will capture 
the effects of the conservation actions, and through specific adaptive management decision 
pathways that adjust conservation effort in light of progress made towards Goals and Targets. 
The Logic Chain captures the underlying rationale and assumptions for the actions that comprise 
the overall conservation strategy ("the plan") and establishes benchmarks against which progress 
can be measured. This approach increases specificity and clarity regarding: 

~ desired outcomes and specific targets for recovery of covered species and ecosystem 
attributes; 

~ the stressors assumed to impede attainment of these outcomes; 
~ the plan's strategy for stressor-reduction; 
~ the conservation actions and their expected outcomes; and 
~ the metrics that will be monitored and studies performed to evaluate plan success. 

The clarity and specificity of a Plan's articulation of the components of its Logic Chain affect 
our understanding of the data collection, analysis, synthesis, and evaluation processes that enable 
adaptive management. By articulating what the conservation strategy is trying to accomplish and 
how it intends to achieve its targets, the Logic Chain architecture facilitates both evaluation of 
the initial plan and assessment of its efficacy during implementation. Specific decision pathways 
(what decisions are necessary? when and how are they made? by who? how are the decisions 
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implemented?) must be outlined in advance in order to maintain the Logic Chain's focus on 
attainment of desired outcomes. 

THE LOGIC CHAIN- HOW IT WORKS 

By capturing the answers to a standard set of questions, the Logic Chain architecture provides a 
means for explaining the challenges to ecosystem restoration and maintenance of public trust 
values and how a given conservation strategy intends to address those impediments. These 
questions and their position within the Logic Chain are described below. The Logic Chain does 
not identifY specific legal obligations (e.g. as spelled out in permit terms or water rights 
decisions); rather, it forms the basis for determining those obligations. As our knowledge base 
grows (through initial evaluation and subsequent implementation of a plan and as a result of 
ongoing monitoring and research) management uncertainty can be reduced, allowing increased 
efficiency and efficacy in allocation of conservation effort. 

LOGIC CHAIN QUESTIONS AND ASSOCIATED TERMINOLOGY 

Below are examples of the questions that drive various levels of the Logic Chain. Each question 
calls for a particular type of information; labels for these Logic Chain components are indicated 
with underlining and italics and also appear on the associated schematic diagrams. 

What's the problem? Numerous fish species in the Sacramento-San Joaquin Delta ecosystem 
are officially endangered or otherwise imperiled; collectively, they reflect a decline in various 
ecosystem functions and a diminution of public trust values. Ecosystem processes (such as 
floodplain inundation, primary and secondary productivity, and transport and retention of 
organisms, toxins, and nutrients) have been radically altered in this ecosystem. For each of 
several target species and for the ecosystem as a whole, problem statements provide a concise 
declaration of the ecological issues that a conservation plan will address. Problem statements are 
general and objective descriptions of the problem(s) and do not assume particular causes of, or 
solutions to, those problems. 

What outcome(s) will solve the problem? The Logic Chain describes species and ecosystem 
attribute-specific global goals -general statements that disaggregate the problem statement into 
its various components. There may be more than one Goal associated with each problem 
statement. Goals represent desired outcomes that will solve the issue(s) identified in the problem 
statement. Again, these are simple, factual statements (that rely on trustee agencies' expert 
opinion) and do not pre-suppose a mechanism for solving the problem. The goals are "global" 
because they describe outcomes that may be partially or completely beyond the scope of any 
single plan. Still, identification of these global goals is important to create a context for the 
overall conservation strategy. Global goals and associated targets are delineated by the fish and 
wildlife trustee agencies (e.g., as identified in the various conservation/recovery plans). 

How will we know then the global goal has been attained (what does solving the problem 
look like)? Global targets provide specificity to the desired biological or physical outcome 
(goal). Targets are specific, measureable, attainable, relevant to the goal, and time-bound 
(S.M.A.R.T.) statements ofwhat level of restoration constitutes attainment ofthe goal. Global 
targets provide a clear standard for measuring progress towards a goal. As with global goals, 
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global targets may be only partially relevant to the activities of a particular plan; their function is 
to define the magnitude of the problems so that investment in conservation activities is 
appropriate to the magnitude of the conservation challenge. 

What currently prevents us from attaining the global targets? Physical, chemical, and 
biological attributes of the Delta have changed dramatically over the past several decades (and 
that change is expected to continue into the future). Some of these changes are stressors to 
covered species and important ecosystem processes. However, the precise contribution of each 
stressor to a species' population decline is uncertain and there is some disagreement over 
whether particular changes are stressors at all. 

Our knowledge base (data, publications, conceptual and quantitative models) suggests 
which stressors are operating on particular species or ecosystem values. Describing the stressors 
(and assumptions about them) accurately and comprehensively is a key step in constructing a 
conservation plan and in managing adaptively as the plan is implemented. For example, clear 
statements regarding where a stressor occurs, which species/ecosystem attributes it impacts, and 
how certain we are that the stressor is important will help focus planning on the relevant 
stressors; ranking stressors is unnecessary at this stage because the logic chain elements that 
come after stressor identification provide insight into a stressor's potential magnitude and 
certainty as well as our ability to address the stressor- understanding these facets of assumed 
stressors is necessary in order to prioritize them. 

Some stressors are beyond our control or beyond what we choose to control. For 
example, annual weather patterns (unimpaired hydrology) and ocean conditions cannot be 
impacted by local or regional conservation measures. Similarly, some problems may be beyond 
the geographical or legal scope of any given conservation plan. These unmanaged stressors are 
described in the planning process for two reasons: (1) so that it is clear that other stressors may 
affect ecosystem performance and (2) so that these stressors can be monitored/measured and 
used to more clearly reveal the true impacts of plan implementation (e.g. they may be used as 
covariates in an any analysis of ecosystem performance). 

What will the plan do to reduce stressors? Stemming from the stressors identified for each 
species and the ecosystem, Plan Targets identify the scope of perceived problems that the plan 
will address. As with global goals and targets, stressor reduction targets are S.M.A.R.T. 
statements that clarify the plan's intentions; they articulate a desired outcome resulting from 
implementation of the conservation measures. These targets reveal the relative effort dedicated to 
alleviating each stressor and provide a basis for assessing whether the conservation measures 
will (cumulatively) achieve the plan's stressor reduction target (see expected outcomes below). 

System-wide monitoring metrics and programs will be identified as a means of tracking progress 
towards stressor reduction (plan targets), global goals, and global objectives. Monitoring must 
also track unmanaged stressors because plan effectiveness will be judged after accounting for 
variance in these "background conditions" (because, for example, a spate of dry years would be 
expected to result in low abundance of many species and productive ocean conditions would be 
expected to contribute to higher returns of anadromous fishes). Data from monitoring plans will 
be collected, synthesized, and evaluated by an independent entity (to be defined) that is charged 
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with evaluating plan effectiveness and advising policy-makers about ongoing adaptive 
management actions. 

What actions will be taken reduce stressors (achieve the plan's targets)? The conservation 
strategy consists of a number of different actions that address one or more of the stressors 
identified above for one or more of the key species or ecosystem attributes). In order to estimate 
their value, importance, and overall contribution to plan success, these conservation actions must 
be described in terms of their expected contribution to stressor reduction. In addition, potential 
negative impacts and unintended consequences of the conservation measures should be described 
in the same detail as intended (positive) impacts. Furthermore, the logic chain requires an 
indication of the likelihood (certainty) that conservation measures will produce their anticipated 
effects (both positive and negative). Very few actions will have outcomes that are extremely 
certain; that is not a reason not to proceed with the action. The purpose of estimating an actions 
certainty of success is to (a) gauge its worth against other actions (high magnitude, high certainty 
actions being worth somewhat more than low magnitude, or low certainty actions) and (b) to 
enable evaluation of the certainty of the plan as a whole and the need for more or less aggressive 
action. 

How will these actions achieve the goals and targets? In order to understand the value of each 
action (e.g. to prioritize implementation) and to assess the strength of the entire proposal, the 
planning process will convene teams of scientists and technical advisors to make detailed and, 
where possible, quantitative estimates of expected outcomes (positive and negative/unintended 
outcomes that are anticipated) from each conservation measure. Expected outcome magnitudes 
will be accompanied by estimates of the uncertainty surrounding the magnitude. In this way, the 
potential efficacy of the proposed plan can be evaluated prior to permit issuance and the plan's 
accomplishments can be assessed as implementation proceeds. 

The magnitude of expected outcomes and uncertainties surrounding those outcomes will 
be based on explicit hypotheses about how we expect conservation measures to work. To the 
extent possible, conservation measures will be designed, implemented, and monitored in a way 
that allows testing the hypotheses upon which they are based. Information gathered from 
compliance and perfOrmance monitoring will be synthesized and evaluated to assess the validity 
of different hypotheses and the efficacy of the conservation actions and the overall plan; 
conservation effort and the array of conservation actions will be adjusted to make continuing 
progress towards the plan's stressor-reduction targets. 

How will we know if it's working (and adjust if it's not)? Given the uncertainties inherent in 
managing such a large and complicated estuarine environment, a San Francisco Bay-Delta 
conservation strategy is expected to employ adaptive management - "learning to manage by 
managing in order to learn". Monitoring at various levels (system-wide, compliance, and 
measure performance) will capture physical, chemical, and biological changes in the ecosystem 
in order to determine the effectiveness of the overall plan and its component parts as well as 
ongoing changes in response to other drivers (e.g. climate change). 

Data collection, analysis, synthesis, and evaluation are critical to plan success. Appropriate 
management structures for each of these processes should be established as part of an initial 
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action plan. Furthermore, the means by which new information (e.g. lessons learned during early 
stage implementation) is incorporated into adaptive management decisions (decision pathways) 
should be described in detail prior to plan implementation as part of the BDCP governance 
process. 

Adaptive management processes are characterized by dashed lines on the attached figure because 
they generally remain ill-defined; but, the details of how a plan responds to data, analysis, and 
emerging conditions should transparent from an early stage - their description cannot be delayed 
until plan implementation is under way. In particular, performance targets for conservation 
actions, stressor reduction (stressor or plan targets), and global targets must be S.M.A.R.T. 
Procedures for taking action when these targets are not being attained should be defined in 
advance. As one example, there should be pre-determined operating instructions that describe 
how will managers respond when, despite performance-as-expected of conservation measures, 
stressor reduction targets are not attained? 

PRIORITIZATION PRINCIPLES 

How should we choose between competing actions? Conservation actions must be prioritized 
to maximize the effect of limited resources, to provide rapid relief for the Bay-Delta's imperiled 
species, and to insure that the conservation strategy is based on the best available information 
and understanding of the target species and the Delta ecosystem. Factors that influence the 
prioritization of conservation measures include: 

Likelihood of positive and negative outcomes 
Magnitude and breadth (number of species affected) of positive and negative outcomes 
Time required to develop and document positive outcomes 
Ability to implement the action (e.g. financial, legal, and logistical constraints). 
Reversibility 

These principles should guide description of actions in the plan and be addressed explicitly as 
part of the justification for each plan element (conservation action). 
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The Logic Chain Architecture 
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Relationship of Logic Chain elements to each other and to different types of uncertainty 
faced by the planning process. Ideally, each "problem" that the Plan hopes to address has its 
own logic chain. The inclusion of "Global" Goals and Objectives into the logic chain is a 
recognition that the WQCP, nor any other plan, is intended to address all aspects of 
ecosystem or population restoration in the Central Valley- WQCP Goals and Targets 
represent this Plan's contribution to overarching restoration outcomes. 
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Incorporating Flow into WQCP Planning 
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Schematic showing how hypothetical State Board actions are integrated by the Logic Chain into conservation 
planning for a native fish species of the Low Salinity Zone. Monitoring (red boxes) have been inserted where the 
Logic Chain identified assumptions/uncertainties. Black lines indicate the connection between Logic Chain 
elements in the planning process. Green dashed lines suggest some of the necessary pre-project evaluations. Blue 
lines represent post-implementation adaptive management decision pathways that must be specified in advance. 
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